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THE  CESSATION  OF  MITOSIS  IN  THE  CENTRAL 
NERVOUS  SYSTEM  OF  THE  ALBINO  RAT 

EZRA  ALLEN 

From  the  Philadelphia  School  of  Pedagogy  and  The  Wislar  Institute  qf  Anatomy  and 

Biology 

TWENTY-TWO  FIGURES 

INTRODUCTION 

While  different  observers  have  recorded  the  fact  that  mitosis 
continues  in  the  central  nervous  system  after  birth  in  mammals 
which  are  relatively  immature  when  bom^*  the  exaot  period  of 
its  cessation  in  any  one  such  animal  does  not  seem  to  have  been 
determined.  The  purpose  of  this  paper  is  to  record  results  of 
studies  which  I  have  been  pursuing,  with  many  interruptions, 
for  three  years,  in  the  effort  to  discover  how  long  cell  division 
may  continue  after  birth  in  the  central  nervous  system  of  the 
albino  rat. 

The  literature  on  this  phase  of  vertebrate  growth  is  not  exten- 
sive. Buchholtz  C90)  records  mitoses  in  all  parts  of  the  central 
nervous  system  of  new-bom  dogs  and  rabbits  and  those  a  few 
days  old.  Sclavunos  C99)  states  that  in  new-born  dogs,  cats 
and  white  mice  dividing  cells  are  to  be  foimd  in  the  wall  of  the 
central  canal  of  the  cord,  in  its  white  substance,  in  the  sub- 
stantia gelatinosa,  in  the  anterior  gray  horns,  at  the  point  of 
entrance  of  the  dorsal  arid  ventral  nerve  roots,  "among  the  cells 
of  the  spinal  ganglia,"  in  the  dorsal  and  ventral  septa  of  the 
cord,  in  the  dura,  and  "abimdantly"  in  the  arachnoid  and  under 
the  pia.  Hamilton  ('01)  found  mitoses  in  the  cerebrum  and  spinal 
cord  of  the  albino  rat  in  animals  four  days  old.  Addison  ('11), 
in  his  study  of  the  Purkinje  cells  of  the  same  animal,  notes  mitoses 
regularly  occurring  in  the  cerebellar  cortex  at  twenty-^ne  days, 
and  in  one  individual  at  twenty-two  days  after  birth. 
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MATERIAL  AND  TECHNIQUE 

I  am  indebted  to  The  Wistar  Institute  of  Anatomy  and  Biology 
for  the  albino  rats  used  in  the  study  and  for  the  use  of  its  labora- 
tory equipment.  I  am  indebted  to  Dr.  Stotsenbtlrg,  of  the  Insti- 
tute, for  a  supply  of  rats  as  needed  and  for  courteous  attention ; 
to  Dr.  H.  D.  King  for  a  method  of  imbedding  and  staining;  to 
Dr.  S.  Hatai  for  valuable  suggestions.  To  Dr.  H.  H.  Donaldson 
I  am  especially  indebted  for  constant  aid  and  criticism. 

My  method  of  work  was  in  general  as  follows.  Healthy  rats 
of  the  followmg  ages  were  used:  1,  4,  6,  7,  12,  15,  18,  20,  30,  52,  70, 
about  120  days  old,  and  one  about  two  years  old.  In  all,  some 
twenty-five  different  animals  were  studied.  Record  was  made  of 
the  weight,  body-length  and  sex.  After  chloroforming  the  animal, 
the  brain  and  cord  were  quickly  removed,  fixed  in  Carnoy's  fluid 
and  imbedded,  the  younger  specimens  in  paraffin  the  older  in 
celloidin  and  paraffin.  Frontal  sections  were  then  cut  at  8  micra 
and  stained  with  either  iron-alum-haematoxylin  or  thionin,  fol- 
lowed by  eosin  or  erythrosin.  Thionin  was  found  to  differentiate 
the  mitotic  figures  with  suflScient  clearness  for  this  study.  By 
using  the  mechanical  stage,  the  sections  were  thoroughly  explored 
with  a  magnification  sufficient  to  detect  mitoses.  Only  those 
cells  which  showed  mitotic  figures  clearly  were  enumerated;  the 
earlier  stages  of  prophase,  being  more  difficult  to  identify,  were 
not  considered.  The  Zeiss  4  nam.  objective  and  No.  4  eye- 
piece usually  sufficed;  in  doubtful  cases  the  2  mm.  oil  inmiersion 
objective  and  eye-pieces  higher  than  No.  4  were  employed. 

Two  methods  of  record  were  used.  With  the  younger  material, 
diagrams  representing  the  sections  studied  were  outlined  and  on. 
these  the  approximate  location  of  the  dividing  cells  was  indicated, 
the  number  1  being  employed  for  the  cells  in  section  No.  1,  the 
number  2  for  those  in  section  No.  2,  etc.  (figs.  1  to  4).  When 
the  examination  of  a  series  was  complete,  this  method  showed 
graphically  the  distribution  of  the  dividing  cells  in  that  portion 
of  tissue  both  in  cross  section  and  longitudinally.  The  other 
method,  usually  employed  for  the  older  material,  was  to  tally  the 
cells  as  discovered  opposite  the  number  of  the  section,  regional 
location  being  indicated  by  colunms  if  desired. 
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All  the  figures  are  from  frontal  sections  of  the  cord  and  brain  of  the  albino  rat. 

Figs.  1  to  4  Diagrammatic  drawings  of  frontal  sections  through  the  cervical 
cord  and  at  three  different  levels  of  the  cerebrum  of  a  one-day-old  rat.  Each 
figure  shows  the  position  of  a  dividing  cell  in  the  section  of  the  series  corresponding 
to  that  number.  The  dotted  lines  outline  gray  matter.  The  ventral  portion  of 
the  tissue  appears  at  the  bottom. 
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Fig.  1    Distribution  of  the  dividing  cells  in  ten  consecutive  sections  of  the  cer- 
vical cord  at  the  level  of  its  greatest  area,     X  75. 

As  to  liie  portions  of  the  central  nervous  system  studied.  At 
first  examination  was  made  at  various  levels  throughout  the  length 
of  the  cord,  cerebellum  and  cerebrum  to  determine  whether  mito- 
sis was  limited  to  a  particular  locality.  Then,  in  order  to  deter- 
mine numerical  relationships,  attention  was  focussed  upon  cer- 
tain definite  levels.  For  the  spinal  cord,  the  sections  showing 
greatest  area  in  the  cervical,  thoracic  and  lumbar  levels;  for  the 
cerebellum,  sections  passing  through  the  region  showing  greatest 
area,  and  for  the  cerebrum  sections  passing  through  the  optic 
chiasma  were  chosen.  In  each  instance  frontal  sections  were 
used.  The  number  of  sections  thus  studied  varied  a  little — 
in  the  cord  at  least  ten  and  frequently  more:  in  the  brain  at 
least  five  and  frequently  more. 
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Fig.  2  Distribution  of  the  dividing  cells  in  five  consecutive  sections  cut  through 
the  frontal  lobe  of  the  cerebrum  dorsal  to  the  olfactory  lobe.     X  25. 

Fig.  3  Distribution  of  the  dividing  cells  in  five  consecutive  sections  cut  through 
the  optic  chiasma.     X  25. 

Fig.  4  Distribution  of  dividing  cells  in  five  consecutive  sections  cut  through 
the  mid-brain  and  the  occipital  lobes  of  the  cerebrum  posterior  to  the  lateral 
ventricles.     X  25. 
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As  a  basis  for  determining  the  comparative  rate  of  cell  divi- 
sion the  nmnber  of  mitoses  per  cubic  millimeter  was  obtained. 
With  the  aid  of  the  camera  lucida  or  projection  apparatus,  draw- 
ings were  made  of  the  first  and  last  sections  of  a  series.  These 
drawings  were  then  measured  by  the  planimeter  and  the  mean 
area  taken.  Since  the  sections  were  of  a  fixed  thickness  (8  micra) 
the  volume  of  the  tissue  in  question  was  readily  calculated.  The 
number  of  dividing  cells  in  the  series  of  sections  had  already  been 
determined,  so  that  the  necessary  data  for  finding  the  number  of 
dividing  cells  per  cubic  millimeter  of  tissue  were  at  hand. 

STATEMENT  OF  RESULTS 
The  distribution  of  mitoses 

A  brief  statement  will  first  be  made  under  this  head  to  be  fol- 
lowed by  more  detailed  explanation.  The  results  of  this  study 
show  that  at  birth  mitoses  are  occurring  in  each  division  of  the 
central  nervous  system,  at  all  levels  of  the  cord,  cerebellum  and 
cerebrum.  An  examination  of  figures  1  to  4  will  make  it  evident 
that  the  general  distribution,  however,  is  unequal.  Table  2 
(p.  557)  indicates  at  diJBferent  ages  the  relative  mitotic  activity 
per  cubic  millimeter  at  the  three  principal  levels  of  the  cord  and 
at  one  level  of  the  cerebellum  and  cerebrum  respectively.  Figures 
2  to  4  show  the  relative  longitudinal  distribution  at  three  levels 
in  the  cerebrum,  as  well  as  the  fact  that  in  this  organ  the  region 
of  greatest  activity  is  in  the  walls  of  the  lateral  ventricles.  In 
the  cerebellum  dividing  cells  are  most  abundant  in  the  cortex. 
Table  2  shows  the  relative  rate  of  mitosis  at  diJBferent  levels  for 
the  ages  from  one  day  to  twenty-five  days  after  birth.  This 
table  shows  also  that  cell  division  stops  earliest  in  the  cord,  a 
little  later  in  the  cerebellum  and  still  later  in  the  cerebrum. 
With  these  data  in  mind  we  may  pass  to  the  details. 

1.  The  distribution  as  it  appears  in  frontal  section  will  be  better 
appreciated  by  a  preUminary  consideration  of  the  embryonic 
differentiations  of  tissue  as  they  appear  in  the  central  nervous 
system.  The  original  epiblastic  layer  forming  the  wall  of  the 
neural  tube  is  early  converted  into  a  protoplasmic  framework 
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(myelospongium)  which  has  a  columnar  and  radial  disposition 
and  shows  three  layers:  (a)  the  innermost  or  germinal  zone; 
(b)  a  middle  nuclear  or  mantle  zone  crowded  with  daughter  cells 
which  have  migrated  from  the  actively  mitotic  germinal  layer; 
and  (c)  an  outer  nuclear-free  reticular  or  boundary  zone.  (His 
'89  and  '04;  Hardesty  '04;  Bryce  '08).  The  seat  of  mitotic 
activity  is  confined  at  first  to  the  germinal  zone  but  later  spreads 
to  the  mantle  layer  (Hamilton  '01;  Hardesty  '04).  Activity 
continues  in  these  two  layers  with  increasing  age,  but  becomes 
more  rapid  in  the  latter  (the  middle  nuclear  or  mantle).  Hamil- 
ton ('01),  writing  of  the  spinal  cord  of  the  albino  rat,  states:  "As 


TABLE  1 


Giving  the  percentage  of  ependyvud  mitoses  in  the  spinal  cord  of  the  oZ&tno  rat  from 
one  day  to  fifteen  days  old,  based  upon  the  numbef'  of  mitoses  in  ten  sections  from 
the  cervicalf  thoracic  and  lumbar  levels  respectively,  excepting  that  in  the  fifteen^ 
day  rat  twenty  sections  at  each  level  were  u^ed. 


▲QB 

TOTAL  NUMBBB  OF  MTTOeBB 

day. 

1 

47 

4 

96 

6 

115 

12 

22 

15 

4 

Totals 

284 

The  percentage  of  13  to  284  is  4.5,  the  percentage  of  the  ependymal  mitoses  to 
the  total  number  of  mitoses  during  the  period  from  1  day  to  15  days. 

development  proceeds,  there  is  a  relative  increase  of  extra-ven- 
tricular mitoses,  so  that  by  the  end  of  the  first  day  after  birth 
they  are  greatly  in  the  majority."  My  preparations  from  the 
one-day  cord  of  the  same  animal  confirm  this  observation.  At 
this  age  the  mitoses  are  distributed  in  the  ependyma,  in  the  white 
and  gray  regions,  in  the  fiber  tracts,  in  the  nerve  roots,  in  the 
enveloping  membranes  and  among  the  spinal  ganglion  cellsi 
With  advancing  age  the  distribution  appears  as  shown  in  table  1, 
the  data  for  which  were  obtained  by  adding  together  the  number 
of  mitoses  found  in  ten  sections  taken  from  the  cervical,  thoracic 
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and  lumbar  regions  of  the  cord  respectively,  with  one  exception, 
viz.,  that  twenty  sections  instead  of  ten  were  used  from  each 
region  as  a  basis  for  the  figures  for  the  fifteen-day  specimen. 

Hamilton  COl),  from  observations  on  twenty-five  consecutive 
sections  from  the  lumbar  cord  of  one  new-born  rat,  concludes 
that  the  greatest  number  of  mitoses  is  in  the  anterior  gray  colunm. 
This  relationship  apparently  does  not  persist  during  the  later 
stages  of  mitotic  activity,  as  shown  by  my  sections.  Further- 
more the  animals  which  I  have  studied  show  great  individual 
variation  at  the  same  age.  In  addition,  the  same  animal  varies 
greatly  in  its  number  of  mitoses  in  series  of  sections  taken  at  only 
short  distances  apart  in  the  same  approximate  level. 

The  ependyma  of  the  cerebellum  shows  very  few  mitoses  in  the 
one-day-old  animal.  In^the  cortex  they  are  abundant;  there  are 
few  in  the  intermediate  tissue.  This  condition  prevails  through- 
out the  length  of  the  organ.  By  the  age  of  twelve  days  cell 
division  is  confined  to  the  cortical  area  and  does  not  reappear  in 
other  portions. 

The  cerebrum  shows  a  distribution  the  reverse  of  that  found 
in  the  other  two  divisions.  While  at  birth  it  is  diffuse,  the  great- 
est amount  of  activity  is  seen  in  the  germinal  and  mantle  layers 
about  the  lateral  ventricles  (fig.  3).  The  activity  external  to 
these  layers  grows  less  until  at  the  age  of  twelve  days  there  is 
scarcely  any  cell  division  elsewhere.  Furthermore,  the  activity 
about  the  lateral  ventricles  is  not  equally  distributed.  It  is  least 
on  the  ental  lateral  surface  and  the  ventral  portion  of  the  ectal 
wall;  greatest  along  the  roof  and  dorsal  portion  of  the  ectal  lateral 
wall,  where  the  mantle  layer  is  widest  (fig.  7).  This  distribution  is 
to  be  seen  in  the  animal  one  day  old  at  whatever  level  of  the  ven- 
tricle we  may  section.  In  the  older  animals  the  region  of  activity 
becomes  limited  to  the  small  portion  of  the  ectal  lateral  wall  lying 
a  little  ventrad  from  the  point  of  union  of  this  wall  and  the  roof. 
(See  further  discussion  of  this  zone  under  the  topic  Structural 
Correlations). 

2.  A  comparison  of  sections  from  the  same  rat  taken  at  differ- 
ent levels  shows  that  the  rate  of  mitosis  is  not  equal  throughout 
the  length  of  the  central  nervous  system.    The  cord  is  the  region 
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of  the  least  and  the  cerebellum  the  seat  of  the  greatest  activity, 
while  the  cerebrum  in  that  portion  where  cell  division  is  most 
rapid  exhibits  an  activity  somewhat  greater  than  that  of  the  cord. 
Table  2  (p.  557)  contains  figm-es  illustrating  these  different  rates. 
In  addition,  mitotic  activity  is  unequal  at  different  levels  of  the 
cord  and  cerebrum.  Table  2  brings  out  this  relativity  for  the 
cord.  The  rate  of  cell  division  is  seen  to  be  lowest  in  the  thoracic 
and  highest  on  the  whole  in  the  cervical  portion.  In  the  latter 
it  rises  on  the  sixth  day  to  a  rate  equal  to  the  most  rapid  exhibited 
by  the  cerebrum  (on  the  fourth  day),  and  more  than  twice  as 
rapid  as  that  of  the  cerebrum  at  six  days.  From  a  comparison 
of  numbers  of  dividing  cells  at  the  three  levels  of  the  cerebrum, 
it  is  found  that  the  greatest  number  is  in  the  region  of  sections 
which  pass  through  the  optic  chiasma. 

This  unequal  longitudinal  distribution  is  still  further  illustrated 
in  a  small  w^y  within  the  limits  of  each  level,  as  shown  by  the 
markedly  greater  number  of  mitoses  to  be  found  in  two  or  more 
consecutive  sections  of  a  series,  this  greater  number  standing  out 
prominently  from  the  relatively  smaller  number  in  the  sections 
immediately  preceding  and  following.  Three  illustrations  fol- 
low, chosen  from  many  which  show  the  same  relationship.  The 
figures  representing  the  number  of  mitotic  cells  in  each  section  of 
the  series  run  as  follows:  (1)  from  the  cerebrum — 4,  5,  7,  9, 11  y  16 ^ 
14y  21y  3,  9,  3,  9,  3,  4;  and  (2)  from  the  cervical  cord  4,  0,  2, 
3,  5j  8,  \j  4,  2.  The  numbers  italicized  in  each  series  mark 
this  grouping  of  mitotic  activity,  which  may  be  termed  a  'locus' 
of  activity.  Similar  loci  appear  in  the  cerebellum.  (3)  A  bril- 
liant illustration  presented  itself  in  the  cerebrum  of  a  twenty- 
five-day  specimen,  an  age  when  the  mantle  layer  is  not  so  crowded 
with  nuclei  as  it  is  in  younger  material.  This  illustration  wiU 
also  show  the  tendency  of  cells  to  form  groups  and  to  retain  a 
group  identity.  In  this  instance  three  well-marked  groups  of 
closely-packed,  densely-staining  nuclei  were  found,  each  well 
differentiated  from  the  surrounding  nuclei,  and  each  showing 
mitoses.  (See  mrO-^mn^  in  fig.  10;  enlarged  view  of  one  group  is 
to  be  seen  in  fig.  21).  These  groups  extended  through  three  con- 
secutive sections  of  8  micra.     I  have  not  endeavored  to  ascertain 
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whether  such  loci  are  constant  in  their  appearance  at  fixed  points 
of  the  system  or  vary  with  different  individuals.  The  large  num- 
ber of  such  loci  foimd  within  small  portions  of  the  tissue  at  all 
ages  and  in  each  individual  examined  shows  the  necessity  of  using 
a  considerable  number  of  consecutive  sections  if  one  desires  to 
make  wide  application  of  figures  obtained  from  any  one  level. 

3.  Mitosis  continues  for  different  periods  after  birth  in  the 
different  levels.  It  ceases  first  in  the  cord.  Very  few  dividing 
cells  are  to  be  foimd  in  the  fifteen-day  cord  at  any  level,  as  shown 
in  table  1  (p.  553).  No  dividing  cells  were  found  in  two  eighteen- 
day-old  specimens,  although  sections  widely  distributed  in  the 
different  levels  respectively  were  examined.  No  mitoses  were 
foimd  in  the  cords  of  older  animals.  The  eighteen-day  period 
may  then  be  regarded  as  the  time  when  mitosis  has  ceased  in 
this  portion  of  the  system,  having  ceased  between  this  and  the 
fifteen-day  period. 

In,  the  cerebellum  it  continues  until  some  time  between  the 
twenty-second  and  twenty-fifth  day,  while  in  the  cerebrum  it 
continues  still  longer — to  a  sUght  degree  in  material  about  120 
days  old,  further  discussion  of  which  is  taken  up  under  the  topics 
which  follow. 

4.  Table  2  shows  the  distribution  of  dividing  cells  per  cubic 
millimeter  at  three  levels  in  the  spinal  cord  and  at  one  in  the  cere- 
bellum and  cerebrum  respectively.  The  data  for  these  figures 
come  from  consecutive  frontal  sections  at  the  different  levels  as 
fully  described  in  the  introduction  (p.  552).  Each  number  in 
the  table  is  not  an  average  from  several  different  rats  but  is  taken 
from  the  records  of  one  individual.  For  a  given  age,  the  numbers 
italicized  are  from  the  same  animal.  It  will  be  noticed  that  the 
figures  for  the  cerebellum  in  each  of  the  animals  of  the  first  three 
ages  are  not  from  the  same  animals  as  those  which  furnished  the 
figures  for  the  other  levels.  This  substitution  is  due  to  certain 
technical  difficulties  which  presented  themselves,  such  as  failure 
to  get  good  sections  or  to  obtain  true  frontal  sections  in  the 
desired  locaUty.  These  three  cerebella  are  the  only  ones  of  these 
ages  upon  which  estimations  were  figured;  others  might  have 
furnished  slightly  different  figures. 
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TABLE  2 

Shomng  the  number  of  mitoses  per  cubic  millimeter  of  nerve  tissue  in  the  central 
nervous  system  at  certain  levels.  The  figures  are  taken  from  calculations  of  the 
volume  of  tisst^  and  the  number  of  mitoses  in  ten  consecutive  sections  at  each  level  of 
the  cordf  five  in  the  largest  portion  of  the  cerebellum  and  five  in  the  cerebrum  in  the 
region  of  the  optic  chiasma  (see  p.  662) .  The  numbers  italicized  are  from  the  same  tn- 
dividual  of  that  age.    The  letters  (a) ,  (6)  and  (c)  refer  to  different  rats  of  the  same  age. 


CORD 

CEREBELLUU 

dSBBBBnU 

Cervical 

Thoracic 

Lumbar 

days 

1 

m 

,  116 

269 

1597 

4S0 

4 

4S7 

176 

S61 

2111 

W 

6 

m 

2S6 

S20 

(7^ay)4848 

19S 

12 

46 

76 

H 

8S9 

S7 

20 

00 

00 

00 

(a)    00 

(a)  18 

20 

00 

00 

00 

(b)    61 

(6)  ir 

20 

00 

00 

00 

(c)  520 

25 

00 

00 

00 

00 

27 

The  diflferences  of  quantitative  distribution  which  appear  from 
this  table  if  one  reads  the  figures  from  left  to  right  (accord- 
ing to  the  same  age)  have  been  noted  on  page  555.  If  one  reads 
the  columns  downwards,  it  appears  that  the  rate  of  cell  division 
increases  after  birth  (a  confirmation  of  Hamilton  '01)  until  the 
sixth  day  in  the  cord  and  the  seventh  in  the  cerebellum,  but  in  the 
cerebrum  only  until  the  fourth  day;  after  these  respective  dates 
the  rate  decreases  rapidly.  Cell  division  has  ceased  in  the  cord 
at  the  twentieth  day,  in  the  cerebellum  at  the  twenty-fifth  day, 
but  in  the  cerebrum  is  still  continuing  at  this  last  age  at  the  same 
rate  as  for  the  twentieth  day  in  specimen  6. 

Since  these  figures  are  taken  from  so  Umited  a  number  of 
animals  of  each  age,  and  from  a  length  of  only  80  micra  in  the 
cord  and  40  micra  in  the  brain  at  each  level,  they  are  to  be  inter- 
preted as  representing  the  general  movement  of  mitotic  activity, 
not  as  furnishing  the  basis  for  an  accurate  curve  which  will  show 
the  rate  of  mitosis  after  birth.  More  data  must  be  gathered 
before  such  a  curve  can  be  constructed.  However,  the  wide 
difference  at  each  age  between  the  rate  in  the  cerebellum  and  the 
other  levels  indicates  that  we  are  safe  in  concluding  that  this 
organ  presents  the  greatest  degree  of  activity.    There  is  good 
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reason  for  this  condition  since  at  birth  the  cerebellum  is  devel- 
oped to  only  a  slight  degree,  and  its  growth  thereafter  is  very- 
rapid  during  its  first  twenty-five  days  of  life.  ^ 

Hamilton  ('01)  found  that  the  I'ate  of  cell  division  is  less  at 
birth  than  before  birth.  Unfortunately  her  paper  does  not  give 
the  embryonic  age  at  which  the  rate  is  highest.  Otherwise  we 
might  fix  approximately  the  two  periods  in  the  life  history  of  the 
albino  rat  when  this  factor  of  growth  is  most  important  in  the 
cord  and  cerebrum.  Since  the  figures  given  by  her  are  not  in 
terms  of  number  per  cubic  millimeter,  we  have  not  the  data 
needed  for  an  exact  comparison  of  the  two  phases  of  growth. 

STRUCTURAL  CORRELATIONS 
1.  Correlations  in  the  spinal  cord 

If  we  compare  sections  of  the  cervical  cord  from  one-day  and 
twenty-day  rats  respectively,  we  see  several  morphological  differ- 
ences (figs.  5  and  6).  (1)  In  the  first  place,  the  wall  about  the 
central  canal  of  the  one-day  animal  shows  germinal  cells  in  mito- 
sis, and  shows  also  that  its  myelospongium  at  each  end  lacks 
nuclei.  Neither  of  these  phenomena  appears  in  the  older  material. 
In  addition,  the  form  of  the  canal  in  the  older  differs  from  that 
of  the  younger  in  that  it  approaches  more  nearly  the  strongly 
elongated  oval  assumed  in  the  adult  cord.  (2)  The  number  of 
cells  in  the  inmiediate  vicinity  of  the  canal  of  the  twenty-day 
animal  is  less  than  in  the  one-day  old.  (3)  There  is  greater 
degree  of  maturity  in  all  the  cells  of  the  older  as  indicated  by 
their  size  and-  cytoplasmic  development.  And  (4)  the  number 
of  migrating  cells  is  much  less  in  the  older  than  in  the  younger  ani- 
mal, although  the  region  of  greatest  migrating  activity  remains 
the  same  in  both  ages — the  region  just  ventral  to  the  canal. 

In  most  vertebrates  the  germinal  and  mantle  layers  about  the 
canal  have  been  completed  some  time  before  birth.  One  known 
exception  is  the  chick.  Merk  ('86)  figures  the  cord  of  a  chick 
of  seven  days  and  five  hoiu^  old  which  shows  a  nuclear-free 
space  in  the  germinal  zone  at  each  end  of  the  canal,  a  condition 
found  in  the  albino  rat  at  six  days. 
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Figs.  5  to  11  Untouched  photographs  of  frontal  sections  through  the  cord  and 
cerebrum  of  albino  rats  of  different  ages.  They  show  the  ventral  side  downward 
on  the  page.  The  letters  indicate  the  same  structures  throughout:  ventr,  ventral; 
ect,  ectal;  ent,  ental;  r,  roof;  V.iii,  third  ventricle. 

Fig.  5    One-day  rat,  cervical  cord  .     X  84. 

Fig.  6    Twenty-day  rat,  cervical  cord.     X  84. 
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The  germinal  layer  is  completed  progressively  in  the  different 
levels  of  the  cord  in  the  albino  rat.  The  completion  is  earliest 
in  the  thoracic  region,  where  it  is  fully  formed  by  the  twenty- 
day  period.  It  matures  next  in  the  lumbar  region,  where  the 
wall  is  closed  in  nearly  every  section  of  the  twenty-five-day  and 
in  every  section  of  the  thirty-day-old  animals.  In  the  cervical 
region,  finally,  a  few  sections  at  the  last-named  age  still  show 
a  nuclear-free  myelospongium  at  the  ventral  portion.  The 
dorsal  end  is  closed  at  all  levels  in  the  interval  between  the  six- 
day  and  twelve-day  periods. 

2.  Correlations  in  the  cerebellum 

The  most  interesting  featare  here  is  the  external  granule 
layer.  Mitosis  continues  in  this  layer  after  it  has  ceased  in  all 
other  parts  of  this  organ.  It  ceases  when  the  inward  migration 
of  the  nuclei  has  taken  place,  a  movement  which  is  usually  com- 
pleted between  the  twentieth  and  twenty-fifth  day  (Addison 
'11).  I  found  that  in  one  specimen  examined  the  migration  had 
been  completed  at  twenty  days.  Addison  ('11)  found  in  one  of 
his  preparations  dividing  cells  in  this  layer  at  twenty-two  days. 
Examination  of  two  twenty-five-day  specimens  prepared  by  me 
revealed  no  mitoses;  neither  was  any  trace  of  the  external  gran- 
ule layer  present. 

5.  Correlations  in  the  cerebrum 

The  well  developed  and  persistent  mantle  zone  lying  along  the 
ectal  wall  of  the  lateral  ventricles  is  of  particular  interest,  for  in 
it  occur  the  dividing  cells  found  in  the  oldest  specimens  which 
show  mitoses,  and  this  layer,  unlike  the  external  granule  layer  of 
the  cerebellum,  never  entirely  disappears  in  animals  up  to  two 
years  of  age,  the  oldest  which  I  have  examined  (fig.  9).  The 
one-day  and  twenty-five-day  specimens  both  show  dividing  cells 
at  every  level  along  the  entire  length  of  the  ventricles.  In  each 
case  they  are  most  abundant  at  the  level  of  the  optic  chiasma. 
The  mantle  zone,  while  in  general  following  the  outline  of  the 
ventricular  wall,  is  not  of  the  same  thickness  throughout  in  any 
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frontal  section  (figs.  7  to  11).  It  is  widest  at  the  point  where  the 
ectal  lateral  wall  and  the  roof  meet,  and  wider  all  along  the  ectal 
lateral  wall  than  along  the  ental  wall.  In  the  one-day  animal  the 
layer  extends  all  around  the  ventricle,  but,  beginning  at  the  ven- 
tral portion,  it  is  gradually  reduced  in  extent  until  at  twenty- 
five  days  old  it  consists  of  a  single  layer  on  the  ental  lateral  wall; 
on  the  roof  it  is  in  almost  the  same  condition,  while  on  the  dorsal 
portion  of  the  ectal  lateral  wall  and  extending  well  outward  at 
the  point  it  is  still  several  cells  in  thickness  (fig.  10).  Reduction 
is  nearly  complete  along  the  ental  lateral  wall  at  the  six-day  period 
(fig.  8).  In  the  twenty-five-day  specimens  cell  division  is  occur- 
ring only  in  the  portion  of  the  ectal  lateral  wall  and  roof  be- 
tween mn^  and  mn^  in  figure  10.  In  this  region  a  total  of  eight 
dividing  ceJ]s  was  found  in  a  seventy-day  animal  in  five  frontal 
sections  at  the  level  of  the  optic  chiasma,  these  being  along  the 
ectal  lateral  wall,  with  none  on  the  roof. 

The  mantle  layer  persists  in  this  limited  region  along  the  ectal 
lateral  wall  in  the  two-year  animal,  as  shown  in  figures  9  and  11. 
The  active  portion  of  this  layer  continues  in  advanced  age  to 
occupy  the  region  a  few  cells  in  width  external  to  the  germinal 
layer,  as  shown  by  figures  21  and  22.  There  is  evidently  some 
connection  between  this  layer  and  the  ''Uebergangsschichten'' 
of  His  ('04)  shown  in  his  section  of  the  human  foetal  cerebrum 
of  four  months. 

NATURE  OF  THE  DIVIDING  CELLS 

The  tissues  ultimately  found  in  the  nervous  system  are  the 
neurones,  the  neim)glia  and  the  connective  tissue.  In  addition 
we  find  occasional  leucocytes  and  a  relatively  greater  number  of 
lymphocytes.  Hardesty  ('04)  from  his  study  of  the  developing 
neim)gUa  of  the  pig,  concludes  that,  ''With  the  present  tech- 
nique there  is  nothing  to  show  that  all  the  products  of  the  mitoses 
(germinal  cells)  in  the  ependjonal  layer  are  not  indiflferent  ele- 
ments from  the  first — capable  of  developing  into  either  neim)nes 
or  neurogUa."  The  neuroglia  tissue  has  a  double  source  of  origin, 
arising  from  both  the  ectoblast  and  mesoblast.     Hatai  C02)  con- 
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Figs.  12  to  22  Camera  lucida  drawings  of  portions  of  tissue  in  cord  and  cere- 
brum chosen  to  show  dividing  cells.  All  the  drawings  were  made  with  the  Zeiss 
2  mm.  oil  inmiersion  lens  and  No.  6  eye-piece,  tube  length  176  nmi.  The  drawings 
have  been  uniformly  reduced  to  make  the  magnification  as  printed  equal  800  diam- 
eters. The  letters  indicate  the  same  structures  throughout:  mZt,  membrana 
limitans  interna;  g,  dividing  cell  in  germinal  layer;  mn,  dividing  cell  in  mantle 
(middle  nuclear)  layer;  ep,  ependymal  cells;  dt,  cells  in  differentiated  tissue;  leu, 
leucocytes;  ca,  cell  of  capillary  wall. 

Fig.  12    Four-day  rat,  cervical  cord;  dividing  cell  in  germinal  layer.     X  800. 

Fig.  13  Six-day  thoracic  cord;  large  dividing  cell  in  posterior  horn.  This  cell 
is  one  of  two  dividing  cells  very  near  each  other,  each  of  which  showed  its  chomo- 
somes  in  three  consecutive  sections  of  8  micra  each.     X  800. 

Fig.  14    Twelve-day  thoracic  cord;  small  dividing  cell  in  posterior  horn.     X  800. 

Fig.  15  Twelve-day  thoracic  cord;  mesodermal  dividing  cell  of  capillary  found 
in  postero-lateral  tract;  same  section  as  figure  14.     X  800. 

Fig.  16  Six-day  cerebnun,  cortex;  leucocyte  within  a  cross  section  of  capillary 
and  a  dividing  cell.  It  is  difficult  to  determine  whether  the  granular  mass  about 
the  nucleus  of  the  leucocyte  is  its  cytoplasm  or  other  material.     X  800. 
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Figures  17  to  22  are  from  the  cerebrum  of  rats  of  different  ages,  showing  por- 
tions of  the  zones  bordering  the  ectal  lateral  wall  of  the  lateral  ventricle  at  about 
the  locality  marked  wn*  in  figure  10,  with  the  exception  of  figure  19,  which  is  from 
the  cortex. 

Figs.  17  and  18  One-day  cerebrum;  small  portions  of  germinal  layer  separated 
from  each  other  by  only  a  few  cells.     X  800. 

Fig.  19  One-day  cerebrum;  small  portion  of  the  cortical  region  of  the  same 
section  as  figures  17  and  18.     X  800. 

Fig.  20  Six-day  cerebrum;  adjacent  portions  of  germinal  and  mantle  layers. 
X  800. 

Fig.  21  Twenty-five-day  cerebrum;  two  dividing  cells  in  mantle  layer,  the 
lower  at  the  edge  of  a  group  of  cells  (wn*  in  fig.  10).     (See  p.  555.)     X  800. 

Fig.  22  120-day  cerebrum;  germinal  and  mantle  layers  and  two  cells  showing 
cytoplasm  in  the  first  layer  of  differentiated  tissue.  At  this  age  the  ependjrmal 
cells  are  clearly  differentiated;  they  began  to  appear  in  the  twenty-five-day 
material,  as  shown  in  figure  21.  The  reduction  in  the  number  of  cells  in  the  two 
inner  layers  is  to  be  noticed.     X  SOO. 
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firms  the  observations  of  Fragnito  and  Capobianco  with  regard 
to  the  mesoblastic  source: 

From  these  observations  the  conclusion  is  drawn  that  the  neiu-ogUa 
nuclei  in  the  white  rat  as  well  as  in  the  mouse  represent  two  distinctly 
characterized  types:  namely,  nuclei  the  structure  of  which  resembles 
ver>'  closely  that  of  the  nerve  cells,  and  the  nuclei  the  structure  of  which 
resembles  very  closely  that  of  endothelial  cells  which  form  the  capillary 
wall.  These  two  types  of  nuclei  have  been  derived  from  the  ectoblast 
and  mesoblast  respectively.  The  latter  type  has  probably  two  sources 
of  origin ;  that  is,  they  are  partly  derived  from  mesoblastic  cells  immigrat- 
ing from  the  meninges  (Capobianco  and  Fragnito),  and  partly  from 
proliferating  endothelial  cells  of  the  walls  of  the  capillaries,  these  cells 
having  separated  from  the  capillary  wall  and  migrated  into  the  surround- 
ing tissue,  where  they  constitute  one  type  of  the  neurogUa  elements. 

Hamilton  ('01)  differentiates  two  types  of  dividing  cells  in  the 
cerebrum  and  spinal  cord,  the  one,  large  with  cytoplasm  well 
developed  and  the  chromosomes  more  scattered,  the  other  small 
without  cytoplasm  and  with  the  chromosomes  solidly  bunched. 
The  former,  she  thinks,  develop  into  nerve  cells  and  the  latter 
into  neuroglia.  Hardesty  ('04)  is  of  the  opinion  that  the  neuroglia 
cells  cannot  be  differentiated  from  the  inward-migrating  white 
fibrous  corpuscles.  My  observations  lead  me  to  agree  with 
Hardesty,  and  so  far  as  my  methods  of  staining  reveal  any  differ- 
entiations there  seems  to  be  no  way  of  determining  whether  the 
small  dividing  cells  are  to  become  neurones,  neuroglia  cells  or 
white  fibrous  corpuscles,  since  the  small  neurones  which  show 
processes  very  plainly  are  no  larger  than  some  of  the  dividing 
cells  (figs.  14  and  16). 

My  preparations  indicate  that  division  in  the  two  sizes  of 
mitotic  cells  does  not  continue  to  the  same  period  in  the  cord  and 
cerebrum.  In  the  cord,  the  large  cells  are  found  dividing  in 
various  regions  up  to  the  sixth  day  (fig.  13).  While  twelve-day 
specimens  still  show  some  mitoses  in  the  germinal  zone,  the  divid- 
ing cells  of  the  extra-ependymal  regions  possess  the  characteris- 
tics of  the  smaller  type.  In  the  cerebrum  the  chromatic  mass  in 
the  dividing  cell  measures  up  to  7.5  x  8  micra  in  the  younger 
material,  while  in  70-day  and  120-day  material,  a  list  of  measure- 
ments runs  as  follows,  the  tissue  from  the  two  animals  having 
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been  prepared  in  the  same  manner:  70-day — 5  x  4,  5.5  x  5,  6  x  4, 
6x3  micra;  120  day — 6  x  4,  4  x  5,  4  x  4  micra.  None  were  found 
measuring  more  than  6x4  micra. 

The  dividing  cells  which  I  have  enumerated  in  this  study  are 
beUeved  not  to  be  leucocytes  or  lymphocytes  for  the  following 
reasons:  the  size  of  the  nuclei  in  leucocytes  found  in  blood  vessels 
in  my  preparations  is  from  3.2  x  3.2  micra  to  3.8  x  3.8  micra, 
while  the  chromatin  material  in  the  nerve  nuclei  measures  from 
4  X  4.2  in  anaphase  to  7.5  x  8  micra  in  prophase  and  metaphase. 
Moreover,  after  the  dividing  cells  have  disappeared  from  all  other 
areas  they  are  still  to  be  found  in  the  Umited  zone  along  the  lat- 
eral ventricles  of  the  cerebrum  which  has  already  been  described. 
They  are  to  be  foimd  also  in  the  neighborhood  of  capillaries  but 
this  association  is  not  constant. 

The  differentiation  from  lymphocytes  is  easier.  These  are 
foimd  scattered  through  the  tissue;  they  are  smaller  than  the 
leucocytes  and  are  readily  recognized  by  the  characteristic  nuclei, 
their  chromatin  being  gathered  into  one,  two  or  more  well  sepa- 
rated, densely  stained  spherical  masses,  the  outUnes  of  which  are 
always  smooth  and  regular,  lying  in  a  clear  nuclear  matrix 
boimded  by  a  limiting  membrane  of  uniform  thickness. 

CONCLUSIONS 

1.  Mitosis  ceases  in  the  central  nervous  system  of  the  albino 
rat  as  follows:  (a)  No  mitoses  are  foimd  in  the  cord  at  any  level 
after  the  eighteenth  day.  This  is  somewhat  previous  to  the 
complete  cellular  differentiation  of  the  wall  of  the  central  canal, 
a  stage  accomplished  in  the  thoracic  region  by  the  twentieth  day 
after  birth,  in  the  lumbar  region  by  the  thirtieth  day  after  birth, 
while  at  this  last-named  age  the  cervical  level  shows  in  occasional 
sections  a  portion  of  the  wall  still  incomplete^  (b)  In  the  cerebel- 
lum mitosis  ceases  when  the  migration  of  the  cells  in  the  external 
granule  layer  is  complete,  a  condition  reached  between  the  twen- 
tieth and  twenty-fifth  day  after  birth,  (c)  In  the  cerebrum  mitosis 
continues  with  a  considerable  degree  of  activity  to  the  twentieth 
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day  after  birth,  after  which  it  is  found  to  a  slight  degree  in  the 
mantle  layer  along  the  ectal  lateral  wall  of  the  lateral  ventricles, 
this  layer  persisting  at  least  to  the  age  of  two  years.  The  lat- 
est observation  of  dividing  cells  in  this  locality  was  in  120-day 
material. 

2.  The  rate  of  mitosis  increases  for  a  time  after  birth,  reaching 
its  high  point  at  about  the  seventh  day  for  the  cord  and  cere- 
bellum and  about  the  fourth  day  for  the  cerebrum. 

BIBLIOGRAPHY 

Bbyce,  T.  fl.    1908    Quain,  Elements  of  Anatomy,  voL  1. 

BucHHOLTz,  A.  1890  Ueber  das  Vorkommen  von  Karyokinesen  in  Zellen  des 
Centralnervensy stems  von  neugeborenen  und  jungen  Hunden  u.'  Ea- 
ninchen.    Neur.  centralblatt,  Bd.  9,  pp.  140-142. 

Hamilton,  Alice  1901  The  division  of  differentiated  cells  in  the  central  ner- 
vous system  of  the  white  rat.    Jour.  Comp.  Nenr.,  vol.  11,  pp.  297-320. 

Hardesty,  I.  1904  The  development  and  nature  of  the  neuroglia.  Am.  Jour. 
Anat.,  vol.  3,  pp.  229-268. 

Hatai,  S.  1902  On  the  origin  of  neuroglia  tissue  from  the  mesoblast.  Jour. 
Comp.  Neur.,  vol.  12,  pp.  291-296. 

His,  W.  1886  Zur  Geschichte  des  menschlichen  Rtlckenmarks  u.  d.  Nerven- 
wurzeln.  Des  XIII  Bandes  d.  Abhandl.  d.  math.-phys.  Klasse  d. 
kdnigl.  Sachsischen  Gesellschaft  d.  Wissenschaften  No.  VI. 

1889    Die  Neuroblasten  und  deren  Entstehung  im  embryonalen  Mark. 
Arch,  ftlr  Anat.  u.  Entwick. 

1904    Die  Entwickelung  d.  menschlichen  Gehirns  w&hrend  d.  ersten 
Monate.    Leipzig. 

Mere,  L.  1886  Die  Mitosen  im  Centralnervensystem.  Denkschr.  d.  math. 
naturw.Klasse  d.  kaiserl.  Akad.  Wiss.,  Bd.  53,  Wien. 

ScLAVUNOs,  G.  1899  Ueber  Keimzellen  in  d.  weissen  Substanz  d.  RUcken- 
marks  von  alteren  Embryonen  und  Neugeborenen.  Anat.  Anzeiger, 
Bd.  16,  pp.  467-473. 


Digitized  by  VjOOQIC 


The  Mechanism  of  Pulmonary  Respiration 
in  Amphibians  with  Gill  Clefts. 

By 
H.  L.  Braner,  Ph.  D., 

Professor  of  Zoo'o^,  Bailer  College. 


With  11  figures  in  text. 


Contents.  Page 

Introdnction 63 

Physiological  Obsenrations 64 

Acqaatic  respiration 64 

Palmonary  respiration 66 

The  Respiratory  Mechanism 68 

The  closing  of  the  month 68 

The  dosing  of  the  gill  clefts 69 

The  closing  of  the  nasal  passages 71 

The  choanal  valve  of  Neetnrus 72 

The  choanal  valves  of  Siren 74 

The  choanal  mechanism  of  Amphinma 76 

Hitherto  nndescribed  mnscles  in  Amphinma 77 

The  closing  of  the  choana  in  Cryptobranchns .   .  79 

The  choanal  valve  of  larval  amphibians 80 

Simmary  and  Comment 81 

Bibliography 82 


Introduction. 
CuviBB  (1806)  accepted  Townson^b  description  of  the  respiratory 
meebanism  of  the  frog  (1794)  and  salamander  (1795)  and  advanced 
the  view  that  the  same  sort  of  mechanism  exists  in  amphibians  with 
gill  clefts.  In  reply  to  the  objection  that  such  a  mode  of  respiration 
woold  be  impossible  because  the  air  would  escape  from  the  gill 
eleftSy  CuviER  (1810,  1836)  showed  that  the  axolotl  and  Siren  are 
proYided  with  special  muscles  for  closing  the  clefts.  Fischer  (1864) 
fonnd  similar  mosclefl  in  NecturuSj  Amptmima  and  Cryptobranchus, 
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and  after  a  thorough  anatomical  study  of  these  and  allied  forms, 
confirmed  Cuvier's  view  in  regard  to  the  general  character  of  the 
mechanism  employed  in  pulmonary  respiration.  His  conclusions 
differed  from  these  of  Cuvieb  in  one  respect,  however:  he  located 
the  apparatus  for  closing  the  nasal  passage  at  the  choana,  whereas 
Cuvieb  placed  it  at  the  external  naris.  By  the  use  of  modem  methods 
Mrs.  Wilder  (1909)  has  shown  that  the  nasal  vestibule  of  Amphiuma 
and  Cryptobranchus  is  provided  with  smooth  muscles,  apparently 
homologous  with  those  of  the  higher  urodeles,  while  Anton  has  ob- 
served choanal  valves  in  Necturus^  Proteus  and  Siren,  Other  questions, 
concerning  the  nature  and  function  of  the  choanal  valves,  concerning 
the  closing  of  the  mouth  and  gill  clefts,  also  in  regard  to  the  sequence 
of  events  in  pulmonary  respiration,  have  not  yet  been  answered  in 
a  satisfactory  way. 

From  the  foregoing  review  it  seems  desirable  that  the  respiratory 
mechanism  of  the  lower  urodeles  should  be  more  carefully  studied 
and  compared  with  that  of  higher  amphibians.  Since  the  lower 
urodeles  resemble  in  many  respects  the  larvae  of  higher  amphibians, 
the  latter  should  also  be  included  in  the  investigation. 

This  paper  is  the  result  of  studies  carried  on  during  the  aca- 
demic year  1910 — 1911  at  the  University  of  Pennsylvania,  where 
the  author  held  a  Fellowship  for  Research  on  the  George  Leib  Harrison 
Foundation. 

Physiological  Observations. 

Acquatio  Bespiration* 

In  amphibians  with  gill  clefts  the  bucco-pharyngeal  mechanisod 
of  pulmonary  respiration  is  used  also  in  acquatic  respiration. 

In  Necturus  and  the  larvae  of  higher  urodeles  [Amhlystoma] 
regular  oscillations  of  the  floor  of  the  mouth  occur,  elevation  being 
brief  and  conspicuous  while  depression  is  so  slow  that  it  may  easily 
be  overlooked.  During  the  period  of  depression  the  mouth  and  gill 
clefts  are  usually  closed  and  water  enters  only  through  the  nasal 
cavity.  During  the  period  of  elevation  water  is  forced  out  usually 
through  the  gill  clefts,  sometimes  between  the  lips,  not  through  th^ 
nasal  cavity. 

Siren,  Amphiuma  and  Cryptobranchus  aUegheniensis  have  regular 
bucco-pharyngeal  movements  similar  to  those  of  Necturus^  water 
entering  usually  through  the  nostrils  and  passing  out  through  the 
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gill  clefts.    Water  may,  however,  also  be  discharged  through  the 
nasal  cavity. 

In  the  frog  larva  water  is  taken,  under  moderate  temperatures, 
both  by  the  open  mouth  and  through  the  nasal  cavity.  Under  lower 
temperatures  the  mouth  is  closed  and  water  enters  only  through  the 
nostrils.  It  is  expelled  through  the  gill  clefts,  not  through  the  nasal 
cavity. 

Pulmonary  Respiration. 

L.  Vaillant  (1863,  p.  340)  noticed  the  bubbles  of  air  which 
escape  from  the  gill  clefts  of  Siren  after  air  is  taken  and  concluded 
that  the  gills  are  supplied  with  atmospheric  oxygen  in  this  manner. 
Sometimes  the  supply  of  air,  which  is  taken  by  the  open  mouth, 
may  be  used  only  for  this  purpose,  at  other  times  it  may  be  sent 
directly  to  the  lungs,  or  a  part  may  be  sent  to  the  gills  and  the 
remainder  to  the  lungs.  In  Cryptobranchtis  japonicus  B.  G.  Wildee 
(1882)  observed  that  the  respiratory  air  is  taken  through  the  nostrils, 
after  which  bubbles  of  air  escape  from  the  nostrils  as  the  animal 
sinks  in  the  water.  Smith  (1907)  gives  the  following  details  in  regard 
to  the  breathing  habits  of  Gryptobranchtts  aUegheniensis:  »The  air 
taken  in  through  the  nares  the  instant  the  snout  reaches  the  surface 
is  probably  immediately  afterwards  mixed  with  respired  air  expelled 
from  the  lungs;  then  the  greater  part  of  the  mixed  air  is  forced 
back  into  the  lungs  by  a  swallowing  movement.  The  surplus  air 
escapes  through  the  mouth  or  gill  slits  as  the  animal  sinks  to  the 
bottom.*  In  Amphiuma,  according  to  Mrs.  Wilder  (1909),  air  fre- 
quently escapes  from  the  gill  clefts  during  the  act  of  inspiration, 
while  in  Necturus  it  is  often  lost  through  both  gill  clefts  and  external 
nares. 

In  the  following  studies  I  have  made  use  of  Necturus  mactUosus^ 
Siren  lacertinaj  Amphiuma  iridactylumy  Oryptobranchus  dlleghemensis 
and  larvae  of  higher  amphibians.  The  respiratory  movements  of 
these  forms  will  now  be  described  and  a  basis  will  thus  be  laid  for 
the  study  of  the  respiratory  mechanism  itself. 

Necturus,  When  Necturus  is  immersed  in  water  [the  regular 
buceo-pharyngeal  movements  are  interrupted  at  intervals  by  pulmonary 
respiration.  As  a  preparation  for  this  process  the  floor  of  the  bucco- 
pharyngeal cavity  is  strongly  elevated  in  order  to  remove  as  much 
as  possible  of  the  respiratory  water.  This  act  is  followed  by  the 
succesive  stages  of  pulmonary  respiration,  corresponding  to  those 
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observed  by  Gaupp  (1896,  p.  242)  in  the  frog  and  by  myself  (Bruneb 
1896,  p.  400)  in  the  higher  nrodeles: 

1)  Aspiration.  The  jaws  are  qnickly  thrnst  into  the  air  and 
the  month  is  widely  opened.  At  the  same  time  the  oonstrietors  of 
the  gill  arches  probably  increase  their  tonns.  2)  Expiration.  The 
escape  of  air  is  indicated  by  the  contraction  of  the  abdominal  walls 
This  stage  is  very  brief  and  is  nsnally  complete  while  the  mouth 
is  still  open.  3)  Inspiration.  The  entrance  of  air  into  the  Inngs  is 
marked  by  a  wave  which  mns  along  the  side  of  the  abdomen  from 
its  anterior  to  its  posterior  end.  No  air  escapes  from  the  nasal 
cavity,  which  remains  filled  with  water  daring  the  entire  pnlmonary 
process.  The  muscles  of  the  gill  arches  also  prevent  the  loss  of  air 
through  the  gill  clefts.  After  inspiration  the  glottis  closes  in  order 
to  retain  the  air  in  the  lungs.  As  the  animal  sinks  to  the  bottom 
a  certain  amount  of  air,  probably  a  surplus  remaining  in  the  month 
after  inspiration,  is  forced  out  either  between  the  lips  or  through 
the  gill  clefts  which  are  opened  for  the  purpose.  The  removal  of 
this  air  is  evidently  a  preparation  for  acquatic  respiration,  which 
would  be  more  or  less  hindered  by  the  presence  of  air  in  the  mouth 
and  pharynx. 

The  intervals  between  respirations  in  Necturus  vary  according 
to  the  temperature,  freshness  of  the  water,  etc.  In  running  tap  water 
at  56<>  F.  six  specimens  showed  no  respirations  during  ninety  minutes. 
In  a  small  quantity  of  water  which  had  stood  over  night  at  a  tempe- 
rature of  about  69  <>  F.  the  average  rate  per  specimen  was  nine 
respirations  per  hour.  In  freshly  changed  water  at  the  same  tempera- 
ture the  rate  fell  to  5.7  respirations  per  hour. 

Siren.  Pulmonary  respiration  in  Siren  is  very  similar  to  that 
of  Necturus.  In  the  specimens  studied,  which  were  about  twelve 
inches  long,  the  air  was  taken  quickly,  the  animal  exposing  itself 
as  little  as  possible  above  the  surface.  Under  normal  conditions  no 
air  escapes  from  the  nostrils  or  gill  clefts  duriug  inspiration  and  the 
nasal  cavity  is  probably  filled  with  water  during  the  entire  pulmonary 
process.  The  emission  of  surplus  air  is  not  so  regular  as  in  Necturus^ 
but  one  or  more  bubbles  may  usually  be  seen,  sometimes  after  a 
considerable  interval. 

Amphiuma.  The  respiratory  movements  oi  Amphiuma  are  slow 
and  the  various  stages  of  the  process  are  easily  distinguished.  If 
the  animal  is  in  water  the  floor  of  the  mouth  is  strongly  elevated 
as  the  rostrum  rises  above  the  surface  and  by  this  means  water  is 
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remoYed  from  the  oral  cayity,  as  in  Necturus.  This  preparatory 
stage  is  nsnally  followed  by  two  or  three  respiratory  acts,  during 
which  the  mouth  and  gill  clefts  remain  closed  and  air  passes  in  and 
oat  through  the  nasal  cavity.  The  first  of  these  is  a  normal  respira- 
tory act,  including  aspiration,  expiration  and  inspiration,  but  the 
morements  of  the  floor  of  the  mouth  do  not  have  great  amplitude 
and  relatively  little  air  enters  the  lungs.  In  the  supplementary  acts, 
which  follow  in  close  succession  after  the  first,  expiration  is  usually 
omitted  and  aspiration  is  followed  immediately  by  inspiration,  the 
mouth  being  well  filled  with  pure  air  which  is  sent  directly  to  the 
Inngs.  During  these  stronger  inspirations  a  conspicuous  pulse-like 
wave  passes  from  the  anterior  to  the  posterior  part  of  the  abdomen. 

After  the  last  inspiration  the  surplus  air  remaining  in  the  mouth 
is  expelled,  usually  through  the  gill  clefts,  and  the  animal  then 
resumes  its  acquatic  respiration. 

The  foregoing  account  is  based  on  the  study  of  large  specimens 
of  Amphiuma.  An  isolated  respiratory  act  which  is  common  in  Nec^ 
turus  and  other  amphibians,  was  occasionally  seen  in  these  specimens 
but  two  or  three  inspirations  were  usually  employed  to  fill  the  lungs. 

Oryptobranchus  aUegheniensis.  The  pulmonary  air  is  renewed 
in  Oryptobranchus  usually  by  a  single  respiratory  act,  but  one  or 
two  supplementary  acts  may  sometimes  be  observed.  Air  passes 
through  the  nasal  cavity  both  in  inspiration  and  expiration  and  the 
gill  clefts  are  closed  during  the  entire  process.  In  inspiration  the 
nasal  passages  are  also  closed.  After  the  lungs  are  filled  the  surplus 
air  18  expelled  and  acquatic  respiration  is  renewed. 

Larval  amphibians.  The  statement  of  von  Siebold  (1828), 
DuQBS  (1838),  and  Owen  (1866),  that  larval  amphibians  take  air  by 
the  open  mouth  and  force  it  into  the  lungs  by  a  swallowing  move- 
ment^ suggests  at  once  a  respiratory  process  more  or  less  similar  to 
that  of  Neeturus  and  Siren,  My  observations  show  that  such  a 
resemblance  actually  exists.  In  the  large  larva  of  Amblystoma  tigri- 
numy  from  the  moment  of  taking  air  by  the  open  mouth  to  the 
emission  of  surplus  air  through  the  mouth  or  gill  clefts,  the  process 
is  essentially  the  same  as  in  Neeturus. 

In  the  large  larva  of  the  bullfrog,  Rana  catesbiana^  the  same 
general  characteristics  may  be  easily  observed.  The  precise  moment 
of  inspiration  and  expiration  is  indicated  by  movements  of  the  wall 
of  the  abdomen  and  the  relation  of  these  movements  to  the  rise  and 
fall  of  the  floor  of  the  mouth  can  be  easily  determined.    No  air 

6* 
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escapes  from  the  nostrils  or  spiracle  during  the  act  of  inspiration. 
The  surplus  air  which  remains  in  the  mouth  after  inspiration  is 
expelled  between  the  lips.  Water  is  evidently  retained  in  the  nasal 
cavity  during  the  entire  pulmonary  process. 

The  Respiratory  Mechanism. 
The  preceding  observations  show  that  the  respiratory  movements 
of  amphibians  with  gill  clefts  are  very  similar  to  those  of  higher 
amphibians.  They  also  indicate  the  existence  of  a  very  definite  me- 
chanism for  the  control  of  the  respiratory  media,  although  evidence  of 
more  or  less  variation  has  been  found  in  different  forms.  In  the 
following  description  of  this  mechanism  special  attention  is  given 
to  parts  hitherto  unobserved  and  to  those  whose  connection  with  the 
respiratory  process  has  not  been  emphasized.  I  include  here,  especi- 
ally, the  arrangements  for  closing  the  mouth,  gill  clefts  and  nasal 
openings.  The  more  conspicuous  muscles  of  the  mouth  and  pharynx 
have  been  described. 

The  Closing  of  the  Mouth. 

When  the  mouth  is  filled  with  air  or  water  the  elevation  of  the 
floor  of  the  cavity  tends  to  separate  the  jaws.  This  is  chiefly  pre- 
vented by  a  tonic  condition  of  the  adductor  muscles  of  the  mandible 
and  by  close  contact  of  the  lips  (see  Fig.  3).  If  the  adductor  muscles 
are  cut  on  one  side  of  the  head,  bubbles  of  air  escape  from  the 
month  on  the  operated  side,  especially  during  the  stronger  inspira- 
tions. Similar  losses  were  observed  after  the  upper  and  lower  lips 
were  divided  on  one  side  at  a  point  midway  between  the  rostrum 
and  the  angle  of  the  mouth,  the  adductor  muscles  being  in  a  normal 
condition.  In  all  of  the  urodeles  studied  the  lips  have  the  same 
general  form  and  they  probably  have  the  same  function  in  connec- 
tion with  respiration. 

In  Necturus  and  Siren  the  retraction  of  the  lips  seems  also  to 
be  an  important  factor  in  closing  the  mouth.  Electrical  stimulation 
of  the  masseter  muscle  causes  both  adduction  of  the  mandible  and 
retraction  of  the  two  lips  and  the  same  effect  undoubtedly  follows 
the  contraction  of  the  muscle  under  natural  conditions.  In  Necturus 
this  is  apparently  due  to  a  close  union  of  the  sheath  of  the  muscle 
with  the  connective  tissue  of  the  lips  at  the  angle  of  the  mouth. 
In  Siren  a  bundle  of  fibres  from  the  masseter  is  inserted  at  this  point. 
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Finally  I  must  mention  a  small  muscle,  the  submentalis  of  Crypto^ 
branchtis,  which  aids  in  closing  the  month  in  this  form.  Fischer 
(1864,  p.  47)  states  that  this  muscle  prevents  the  outward  rotation 
of  the  lower  margin  of  the  mandible,  but  he  is  probably  in  error 
when  he  adds  that  such  a  rotation  would  otherwise  follow  from  the 
contraction  of  the  masseter  muscle.  A  rotation  of  the  mandible,  such 
as  Fischer  mentions,  is  easily  produced  by  depression  of  the  anterior 
median  portion  of  the  mandible,  and  since  the  two  halves  of  the 
mandible  are  joined  at  the  rostrum  only  by  soft  tissues,  such  a  de- 
pression would  be  very  likely  to  occur  during  inspiration  if  it  were 
not  prevented  by  contraction  of  the  submentalis  muscle.  By  such 
action,  the  submentalis  prevents  the  separation  of  the  jaws  and  thus 
assists  in  the  act  of  inspiration. 

The  Closing  of  the  GiU  Clefts. 

During  branchial  respiration  the  gill  clefts  are  closed  in  order 
to  prevent  the  entrance  of  water  from  the  outside  when  the  floor 
of  the  mouth  is  depressed.    During  pulmonary  respiration  they  are 

Fig.  1. 


oc       fty 

TtiUfh  alpwtris.    TnnsTene  section  of  an  18 mm.  larva,    hy  hyoid  arch,  with  ralye-like  fold  atore; 
/  first  gill  cleft;  oe  opercular  chamber. 

closed  to  prevent  the  escape  of  air  from  the  pharynx  and  the  entrance 
of  water  from  the  outside.  The  closing  of  the  clefts  is  due  primarily 
to  the  action  of  the  constrictor  muscles  of  the  gill  arches,  but  these 
may  be  assisted  by  the  posterior  part  of  the  mylohyoid.  The  former 
were  long  ago  observed  by  Cuvier  (1810),  Martin-Saint-Ange  (1831) 
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and  Fischer  (1864);  the  participation  of  the  mylohyoid  in  closing 
the  gill  openings  was  pointed  out  by  Fischer. 

Accessory  structares  which  aid  in  closing  and  protecting  the  gill 
clefts  are  the  soft  rakers  at  their  inner  margins  and  certain  folds 
or  membranes  on  the  outside.  The  simplest  conditions,  thoogh  pro- 
bably not  the  most  primitive,  occnr  in  the  lower  nrodeles,  in  which 
the  gill  clefts  open  directly  to  the  exterior  and  not  into  an  opercular 
chamber.  In  Cryptobranchtis  and  Amphiuma  the  single  cleft  on  each 
side  of  the  neck  is  guarded  by  two  fleshy  lips,  one  behind  and  one 

Fig.  2. 


Triton  alpMtrii,    Tranfrene  section  of  an  18  mm.  Urra.    /  and  II  gill  cleflt,  the  second  closed 

below  by  the  united  branohinl  membranes;  oe  opercular  chamber;  »m  posterior  part  of  snbmaxillarif 

*muscle  in  the  opercular  membrane. 

in  front  of  the  opening.  Gill  rakers  are  entirely  wanting  in  Amphmma] 
in  Oryptabranchiis  they  are  reduced  to  rudimentary  papillae  which 
are  more  or  less  irregular  in  their  arrangement.  In  Necturus  the 
two  gill  clefts  on  each  side  are  surrounded  at  their  inner  margins 
by  short  blunt  papillae,  from  six  to  twelve  in  number,  and  so  arranged 
that  those  on  one  side  of  the  opening  alternate  with  those  on  the 
other  side.  Externally  a  fleshy  lip  protects  the  anterior  margin  of 
the  first  cleft  and  a  similar  fold  lies  behind  the  posterior  cleft  A 
single  fold  between  the  two  clefts  furnishes  protection  to  both.  The 
three  gill  clefts  of  Siren  are  provided  with  conspicuous  gill  rakers 
similar  in  form  to  those  of  certain  fishes,  but  composed  entirely  of 
soft  tissues.    The  external  folds  are  similar  to  those  of  Necturus^ 
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bnt  the  adjoining  margins  of  the  second  and  third  clefts  are  furni- 
shed with  separate  folds. 

In  the  larval  salamanders  accessory  structures  for  closing  and 
protecting  the  gill  clefts  are  strongly  developed  (Figs.  1  and  2).  In 
all  of  the  forms  examined,  including  Triton  cUpesiriSj  Salamandra 
maculosa^  Salamandrina  perspidUata  and  Amblysioma  tigrinum,  I 
find  essentially  the  same  conditions.  All  of  the  clefts,  excepting  the 
first,  or  hyobranchial,  are  protected  internally  by  conspicuous  gill 
rakers,  similar  in  form  and  structure  to  those  of  Siren.  The  dorsal 
half  of  the  first  cleft  is  protected  only  by  the  operculum ;  the  ven- 
tral half  is  guarded,  in  addition,  by  a  membraneous  fold  which  is 
attached  to  the  inner  surface  of  the  hyoid  arch.  Externally  all  gill 
clefts  open  into  an  opercular  chamber  and  are  protected  by  an 
opercular  membrane  (gular  fold),  which  arises  in  front  of  the  first 
cleft.  The  muscle  of  the  operculum  acts  as  a  constrictor  of  the 
pharynx  and  assists  in  closing  the  clefts.  The  operculum  is  followed 
by  a  series  of  smaller  membranes  which  are  attached,  one  to  each 
of  the  branchial  arches.  By  the  union  of  adjacent  membranes  below 
the  clefts,  the  latter  are  completely  surrounded  except  at  their  dor- 
sal angles,  where  the  membranes  terminate  at  the  base  of  the  gills. 
Along  the  line  of  attachment  to  the  branchial  arches  the  membranes 
have  a  considerable  thickness  which  may  equal  that  of  the  arches 
themselves,  but  they  become  thin  toward  their  free  edges  which  lie 
near  the  posterior  margin  of  the  operculum.  These  membranes  are 
somewhat  elastic  structures  which  follow  the  movements  of  the  gill 
arches,  diverging  from  each  other  when  the  clefts  are  open  and 
overlapping  more  or  less  closely  when  the  clefts  are  closed.  In  the 
latter  position  the  contact  of  their  thickened  bases  makes  the  closing 
of  the  clefts  secure.  That  the  closing  of  the  clefts  is  effective  during 
the  act  of  pulmonary  respiration  has  been  repeatedly  demonstrated 
by  observations  on  the  large  larva  of  Amblysioma  tiffrinum. 

In  the  frog  larva  the  gill  clefts  can  not  be  wholly  closed  but 
the  escape  of  respiratory  air  can  be  prevented  by  other  means. 
According  to  Sghulze  (1892)  the  posterior  part  of  the  peribranchial 
chamber  can  be  closed  by  two  muscles,  the  subbranchialis  and  dia- 
phragmatico-praecordialis. 

The  Closing  of  the  Nasal  Passages. 
In  Amphiuma  and   Cryptobranchus  aUegheniensi'S  the   external 
naris  leads  into  a  short  vestibule  whose  inner  portion  can  be  closed 
and  opened  by  a  smooth  muscle  mechanism  (Mrs.  Wilder,  1909). 
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An  apparatus  for  closing  the  choana  is  also  present  in  all  of 
the  lower  urodeles  examined  (Necturus^  Proteus,  Svren^  Amphiuma 
and  ChnfptobraTichus)  and  also  in  the  larvae  of  higher  amphibians. 

The  different  forms  of  this  choanal  mechanism  must  now  be 
described. 

The  Choanal  Valve  of  Necturus. 
The  internal  nasal  opening  of  Necturus  is  a  narrow  slit  which 
lies  near  the  angle  of  the  mouthy  between  the  palato-pterygoid  and 

Fig.  3. 


Ji'ecturus  maculostts.    Transverse  section  throngh  choana.     Is  upper  lip;  li  lower  lip;  m  oral  cavity; 

n  nasal  cavity ;  «  choanal  valve,  on  the  median  side  of  the  opening,  from  which  a  short  postnasal 

canal  leads  to  the  cavity  of  the  month. 

vomer^  on  one  hand,  and  the  antorbital  cartilage,  on  the  other. 
When  the  month  is  closed  the  mandible  lies  directly  below  the  choana, 
but  a  free  passage  is  left  between  the  opening  and  the  medial  part 
of  the  oral  cavity.  This  postnasal  passage  is  formed,  in  part  by  a 
depression  between  the  vomer  and  the  palato-pterygoid,  in  part  by 
a  notch  in  the  dorsal  margin  of  the  mandible  between  the  dental 
and  splenial  bones.  From  the  roof  of  this  passage,  on  the  median 
side  of  the  choana,  hangs  the  valve  which  Fischer  (1864,  p.  114) 
and  Anton  (1911,  p.  182)  have  briefly  described.    The  valve  is  a 
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triangular  fold  of  mnoons  membrane  (Figs.  3,  4,  and  5)  which  is 
attached  to  the  median  and  posterior  margins  of  the  opening.  Its 
anterior  angle  extends  forward  a  short  distance  in  front  of  the 
opening  and  inserts  in  the  oonnectiye  tissue  behind  the  lateral  portion 
of  the  premaxillary  bone.    The  valve  is  not  provided  with  muscles 

Fig.  4.  Fig.  6. 


ppt 


T\%,K.    NicturuB  maculoaui.    Choanal   region,    with    the  choanal  valve  open.    The  anterior  end  of 

the  valve  is  inserted  under  a  fold  of  mucous  membrane  which  is  pushed  aside  to  show  the  attachment 

Is  upper  lip;  ppt  palato-pterygoid ;  v  choanal  valve;  to  vomer. 

Fig.  5.    Jfeeiuru$  maculoBua.    Choanal  valve  closed. 

and  acts  in  a  purely  mechanical  way,  being  opened  by  pressure  of 
the  respiratory  medium  in  the  nasal  cavity,  while  it  is  closed  by 
any  movement  of  the  respiratory  medium  through  the  postnasal 
passage  toward  the  choana. 

The  function  of  the  choanal  valve  of  Neciurus  has  been  tested 
by  cutting  away  the  entire  left  valve  in  a  large  specimen,  which 
was  then  placed  in  a  shallow  dish  and  covered  with  water.  The 
normal  respiratory  movements,  both  branchial  and  pulmonary,  were 
promptly  resumed.    At  each  pulmonary  respiration  a  certain  amount 
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of  water  was  first  forced  out  of  the  nostril  on  the  operated  side  and 
this  was  followed  by  a  succession  of  air  bubbles.  No  air  and  little, 
if  any,  water  was  lost  on  the  right  side.  During  branchial  respiration 
a  strong  current  of  water  streamed  from  the  left  nostril  when  the 
floor  of  the  mouth  was  elevated;  little  or  none  escaped  from  the 
right  opening  —  the  losses  being  easily  accounted  for  by  the  mere 

Fig.  6. 


Sir*H  laciriinn,    Tranfveree  seetion  tbroagh  the  choana.    ca  antorbital  cartilage;  v  median  choanal 

valve. 

dosing  of  the  choanal  valye.    Similar  results  were  obtained  when 
the  floor  of  the  mouth  was  elevated  in  an  artificial  way. 

The  choanal  valve  of  Proteus  is  similar  to  that  of  Nectumsj 
as  stated  by  Anton  (1911). 

The  Choanal  Valves  of  Siren. 

The  inner  nasal  opening  of  Siren  is  accurately  located  by  H.  H. 
Wilder  (1889 — 1891)  at  the  outer  angle  of  the  mouth  between  the 
antorbital  cartilage  and  the  pterygo-vomerine  bar.  Fischbb  (1864, 
p.  114)  describes  the  choana  as  a  triangular  opening  provided  with 
three  valves,  which  he  distinguished  by  the  terms  median,  lateral 
and  posterior.  The  posterior  valve  is  said  to  be  furnished  with  a 
small  muscle  by  means  of  which  the  choana  can  be  opened.  Fischer's 
median  valve  has  also  been  observed  by  Seydel  (1896,  p.  607)  and 
Anton  (1911,  p.  191). 
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The  median  choanal  valve  of  Fischer  corresponds  to  the  choanal 
yalve  of  Necturus  and  is  easily  identilSed  both  in  living  and  preser- 
ved material.  It  is  a  narrow  triangular  fold  of  mucous  membrane 
(Fig.  6),  attached  by  one  of  its  longer  sides  to  the  median  margin 
of  the  opening,  by  its  short  side  to  the  anterior  margin.  The  so- 
called  lateral  valve  of  Fischsr  does  not  exist. 

The  posterior  choanal  valve  oi  Siren  may  be  recognized  in  the 
living  animal  by  its  movements, .  which  are  caused  by  a  small  muscle 

Fig.  7. 


Sirtn  iMcmiina.  Tnnsrene  section  tlurough  the  poeterior  part  of  the  choanal  masele,  pc  On  the 
median  side  of  the  mnscle  lies  the  oaHilaginoas  trabeonla  eranii,  firom  which  many  of  the  muscle 

fibres  take  their  origin. 

acting  on  the  antorbital  cartilage  (Fig.  8).  The  latter  is  a  horizontal 
plate  of  narrow  triangular  form,  whose  broad  end  is  directed  caudad, 
while  its  acute  anterior  end  is  embedded  in  the  soft  lip  which  forms 
the  lateral  margin  of  the  choana  (Fig.  6).  The  posterior  median 
angle  of  this  cartilage  is  attached  by  means  of  connective  tissue 
to  a  remnant  of  the  trabecula  eranii  which  emerges  from  the  orbito- 
sphenoid  bone  at  the  ventro-lateral  angle  of  the  brain  case  (Fig.  8). 
The  antorbital  cartilage  is  moved  by  a  striated  muscle,  m.  posterior 
choanae,  which  arises  in  part  from  the  remnant  of  the  trabecula 
eranii,  in  part  from  the  adjacent  surface  of  the  orbito-sphenoid  bone. 
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pc 


Its  fibres  run  obliquely  forward  and  laterad  and  insert  on  the  posteio- 
lateral  angle  of  the  antorbital  cartilage.  By  the  contraction  of  this 
muscle  the  anterior  end  of  the  cartilage  is  moved  laterad  and  the 

choana  becomes  a  large  trian- 

^'   '  gular  opening  which  can  not  be 

covered  by  the   median   yalye. 

..';,  The    choana  is  closed  by 

the  joint  action  of  the  median 
and  posterior  valves.  When  the 
m.  posterior  choanae  relaxes, 
the  elasticity  of  the  adjacent 
tissues  causes  a  return  move- 
ment of  the  cartilage  and  valve, 
but  the  return  is  probably  ac- 
celerated by  the  adductor  muscles 
of  the  mandible  which  lie  late- 
ral and  posterior  from  the 
choana.  External  pressure  in 
this  region  in  a  recently  killed 
specimen  causes  prompt  closing 
of  the  opening,  and  since  the 
adductor  muscles  contract  to 
close  the  mouth  during  the  act 
of  inspiration,  they  probably  press  on  the  posterior  valve  at  this 
time.  When  the  valve  returns  to  its  median  position  the  choana 
is  easily  covered  and  protected  by  the  median  valve. 

The  character  of  the  posterior  choanal  valve  of  Siren  makes 
possible  the  expulsion  of  water  from  the  mouth  through  the  nasal 
cavity  and  explains  the  currents  which  occasionally  stream  from  the 
nostrils  during  branchial  respiration. 


Sirtn  laartintk    Choanal  region  from  above  (some- 
what   diagrammatic).       ae    antorbital     cartilage; 
n    choana;    oa  orbito-sphenoid;  pc  m.  posterior 
choanae;  tr  trabeenla  cranii. 


The  Choanal  Mechanism  of  Amphiuma. 

A  valve-like  fold  at  the  choanal  opening  of  Amphiuma  is  menti- 
oned in  a  casual  way  by  Cuvieb  (1827,  p.  6)  and  Waqleb  (1830, 
p.  314)  whose  observations  were  accepted,  apparently  without  further 
examination,  by  Fischer  (1864,  p.  114).  The  description  of  the  latter 
is  as  follows:  »Vor  jeder  Oflfnung  liegt  eine  Falte  der  Gaumenhaut, 
die  sich  leicht  nach  hinten  so  ttber  die  Offnuog  legt,  dafi  letztere 
vollstsindig  geschlossen  wird.<  A  similar  statement  is  made  by  Cope 
(1889,  p.  216). 
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Hitherto  undeBcribed  choanal  muBoles  in  Amphiuma. 

Since  the  expiratory  currents  pass  freely  through  the  nasal 
cayity  of  Amphiuma^  it  is  evident  that  the  choiEtna  is  not  closed  in 
a  purely  mechanical  way,  as  assumed  by  earlier  authors.  The  ope- 
ning lies  at  the  posterior  'end  of  a  short  choanal  canal,  whose  floor 
s  formed  by  a  membraneous  fold,  the  so-called  valve  of  Guvier. 
The  choana   is  closed  by  p.    ^ 

depression  of  the  roof  of 
the  choanal  canal  until  it 
meets  the  ventral  fold.  By 
elevation  of  the  roof  of  the 
canal  the  choana  can  be 
so  widely  opened  that  it 
can  not  be  .dosed  by 
the  fold. 

The  mechanism  which 
opens  and  closes  the  choana 
includes  the  antorbital  car- 
tilage and  two  '  striated 
muscles.  The  antorbital 
cartilage  (Figs.  9,  10,  11) 
is  a  horizontal  bar  which 
arises  by  a  short  fibrous 
stalk  from  a  remnant  of 
the  trabecula  cranii  which 
s  exposed  on  the  lateral 
surface  of  the  orbito-sphe- 
noid  bone.  From  its  at- 
tachment it  extends  for- 
ward and  laterad  on  the 
dorsal  aspect  of  the  choana 
and  the  choanal  canal.  The  distal  end  of  the  cartilage  is  elevated 
and  depressed  by  the  muscles  above  mentitnred  (Pigs.  9  and  11). 
One  of  these,  which  I  shall  name  m.  dorsalis  choanae,  arises  from 
the  lateral  wall  of  the  cranium,  chiefly  from  a  slender  process  of 
the  parietal  bone  which  lies  between  the  frontal  and  the  orbito- 
sphenoid.  From  their  origin  the  fibres  of  the  muscle  run  ventro- 
laterad  to  insert  on  the  dorsal  surface  of  the  antorbital  cartilage. 
This  muscle  elevates  the  distal  end  of  the  cartilage  and  the  roof 
of  the  choanal  canal  and  thus  opens  the  choana.    The  antagonist 


Amphiuma  tridactylnm.  Clioanal  region,  yiewed  Arom 
above,  ac  antorbital  cartilage;  dc  m.  dorsalis  choanae;  Ic 
m.  lateralis  choanae;  mx  maxillare;  n  choanal  canal,  irhich 
terminates  in  the  choana  beneath  the  antorbital  cartilage 
and  the  m.  dorsalis  choanae ;9ic  cartilaginous  nasal  capsnle; 
pa  parietale;  pt  pterygoid  cartilage. 
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Fig.  10. 


Amphiuina  tridactglum.    Tnnsverae  section  tbrongh  ilie  anterior  part  of  the  choanal  canal,    ae  ant- 
orbital  cartilage;  n  choanal  canal;  mx  mazillare. 


Fig.  n. 


Ampkiuma  tridactylum.    Transverse  section  through  the  choana,    ae  antorbital  cartilage;  de  oudov* 
salis  choanae;  Ic  m.  lateralis  choanse;  mx  maxillare;  pa  parietkle. 
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of  the  m.  dorsalis  choanae  is  a  somewhat  stronger  muscle,  m.  late- 
ralis choanae,  whose  fibres  arise  in  part  from  the  palatine  portion 
of  the  maxillary  bone,  in  part  from  the  anterior  end  of  the  pterygoid 
cartilage.  The  fibres  ran  forward  and  mesad  and  insert  on  the 
postero-lateral  surface  of  the  antorbital  cartilage. 

Since  Amphiuma  is  provided  with  two  mechanisms  for  closing 
and  opening  the  nasal  passage,  a  question  arises  in  regard  to  the 
function  of  each.  On  this  point  the  following  may  be  said:  During 
acquatic  respiration  the  muscles  of  the  nasal  vestibule  are  inactive 
and  the  introductory  passage  remains  wide  open.  When  the  floor 
of  the  mouth  is  elevated  the  choana  is  usually  closed.  Occasionally 
it  may  be  kept  open  to  permit  the  escape  of  water  through  the  nasal 
cavity.  In  pulmonary  breathing  the  muscles  of  the  nasal  vestibule 
are  active,  the  constrictor  muscle  contracting  during  inspiration,  as 
it  does  in  the  higher  urodeles.  In  expiration  both  choana  and  nasal 
vestibule  are  open  and  the  air  passes  through  the  nasal  cavity. 
Evidently  the  muscles  of  the  nasal  vestibule  may  also  be  used  to 
protect  the  nasal  cavity,  for  example,  during  the  process  of  burrowing. 

The  Closing  of  the  Choana  in  Cryptobranchus. 

Daring  pulmonary  respiration  the  nasal  passage  is  closed  by 
the  smooth  muscle  mechanism  which  lies  at  the  inner  end  of  the 
short  nasal  vestibule.  In  acquatic  bncco-pharyngeal  respiration  the 
nasal  vestibule  remains  wide  open,  but  the  loss  of  water  through 
the  nasal  cavity  is  prevented  by  the  closing  of  the  choana.  This 
is  effected  by  the  ceratohyal  whose  broad  anterior  portion  is  pressed 
against  the  oval  opening  when  the  floor  of  the  mouth  is  elevated. 
An  important  part  in  the  process  is  played  by  a  cushion-shaped 
swelling  which  lies  on  the  lateral  side  of  the  opening  and  was 
described  by  Fischer  (1864,  p.  114)  as  a  valve.  It  receives  the 
lateral  border  of  the  ceratohyal  when  the  floor  of  the  mouth  is 
elevated  and  thus  aids  in  closing  the  choana.  This  method  of  closing 
the  choana  is  possible  in  acquatic  respiration  because  the  oscillations 
of  the  floor  of  the  mouth  do  not  have  great  amplitude  and  the  hyoid 
is  never  far  removed  from  the  choana.  During  pulmonary  respiration 
the  entire  floor  of  the  mouth  is  strongly  depressed  in  aspiration 
and  the  choana  remains  open  until  a  late  stage  of  inspiration,  if  it 
is  closed  at  all. 
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The  Choanal  Valve  of  Larval  Amphibians. 

The  choanal  opening  of  the  Aniblystoma  larva  has  been  studied 
in  an  incidental  way  by  Wagler  (1830,  p.  316)  and  Calori  (1851), 
the  former  describing  two  so-called  choanal  valves  while  the  latter 
recognized  but  one.  In  my  own  preparations  I  find  a  single  valve 
which  resembles  in  all  essential  particulars  the  choanal  valve  of  Nee- 
turus.  In  a  larval  Amblystoma  14  mm.  long  the  valve  is  already 
recognizable  as  a  slight  fold  on  the  median  side  of  the  almost  cir- 
cular opening.  It  evidently  reaches  a  functional  condition  very  early 
in  larval  life.  In  Saiamandra  maculosa  it  seems  to  be  fully  formed 
at  birth,  the  larva  having  a  length  of  about  25  mm.  at  this  time.  In 
Triton  alpestrisih^  valve  seems  to  be  functional  in  a  larva  of  18.5  mm. 
and  it  persists  in  all  later  stages  examined,  including  a  specimen 
31  mm.  long.  In  the  large  larvae  of  Amblystoma  tigrinum  the  valve  has 
been  observed  in  specimens  varying  from  80  mm.  to  240  mm.  in  length. 

My  material  does  not  cover  the  last  stages  of  larval  life.  It  is 
certain,  however,  that  the  choanal  valve  is  a  temporary  structure 
which  disappears  during  the  metamorphosis  when  the  choana  assumes 
the  peculiar  form  which  is  characteristic  of  the  adult.  During  the 
later  larval  stages,  and  before  the  choanal  valve  is  lost,  a  new 
mechanism  for  closing  and  opening  the  nasal  passage  makes  ist 
appearance  at  the  external  naris.  This  is  the  smooth  muscle  mechanism 
of  the  adult  salamander.  The  development  of  this  mechanism,  which 
includes  a  constrictor  muscle  and  one  or  two  dilatators,  has  been 
described  in  a  former  paper  (Bruneb,  1901,  p.  328).  Early  stages 
of  development  occur  in  a  larva  of  Triton  aipestris  22  mm.  long  and 
the  muscles  are  apparently  functional  in  a  specimen  of  31  mm.,  which 
however  still  retains  all  of  the  larval  characteristics.  In  later  larval 
life,  therefore,  the  salamander  is  provided  with  two  mechanisms  for 
closing  the  nasal  passage. 

In  the  preceding  account  I  have  mentioned  only  the  larvae  of 
lungbearing  forms.  In  the  lungless  Spelerpes  rvbery  Desmognaffncs 
fusca  and  Saiamandrina  perspicillata  a  choanal  valve  of  the  type 
described  above  is  wanting  in  the  larva  but  the  choana  is  probably 
closed  in  some  as  yet  undiscovered  way.  In  Spelerpes  ruber  regular 
acquatio  respiration  occurs,  water  entering  the  external  naris  and 
passing  out  through  the  gill  clefts,  as  observed  in  Necturus, 

The  choana  of  the  frog  larva  is  closed  by  a  so-called  choanal 
fringe  similar  to  that  which  Schulze  (1892,  p.  58)  found  in  the 
larva  of  Felobates.    In  the  bullfrog  larva  this  fringe  is  a  prominent 
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fold  which  completely  Burrounds  the  opening.  Its  anterior  half  is 
mueh  thickened  and  more  or  less  rigid  and  thus  forms  a  support 
for  the  posterior  half  which  is  thin  and  flexible  and  acts  as  a  valve. 

Summary  and  Comment. 

1.  The  meehanism  of  pulmonary  respiration  in  amphibians  with  gill 
clefts  is  a  force-pump  mechanism  similar  to  that  of  higher  amphibians. 

2.  Definite  arrangements  exist  in  all  forms  for  the  control  of 
the  respiratory  media,  including  apparatus  for  closing  the  mouth, 
gill  clefts  and  nasal  passages. 

3.  The  simplest  and  most  primitive  form  of  this  respiratory 
mechanism  is  found  in  Necfwrus,  Proteus  and  the  larvae  of  higher 
Inn^bearing  urodeles,  a  common  characteristic  of  which  is  a  mech- 
anical choanal  valve  which  prevents  the  escape  of  the  respiratory 
media  from  the  mouth  through  the  nasal  cavity.  In  all  of  these 
forms  respiratory  air  is  taken  by  the  open  mouth. 

4.  In  Siren  the  respiratory  mechanism  is  similar  to  that  of  Nae- 
tidfiis  but  somewhat  more  complicated.  Two  choanal  valves  are 
present,  a  median  valre  corresponding  to  that  of  NecturuSj  and  a 
posterior  valve  which  encloses  the  antorbital  cartilage  and  is  moved 
by  a  small  muscle.  By  means  of  the  posterior  valve  the  choana 
can  be  opened  and  expiration  through  the  nasal  cavity  is  possible. 

5.  Amphiuma  is  provided  with  smooth  muscles  for  opening  and 
closing  the  nasal  vestibule  and  with  a^  complicated  choanal  mechan- 
ism, which  indadea  the  antorbital  cartilage  and  two  striated  musoles. 
By  m^ans  of  these  muscles  the  choana  can  be  opened  and  closed. 
Respiratory  air  is  taken  through  the  nasal  cavity,  as  in  higher  urodeles. 

6.  In  Cfrffptotrcmchus  the  choana  is  closed  by  the  hyoid  arch. 
R^piration,  both  bucco-pharyngeal  and  pulmonary,  is  similar  to  that 
of  Amphiuma. 

7.  The  character  of  the  respiratory  mechanism  of  the  Permni- 
branchiata  seems  to  indicate  a)  that  Necturus  and  Proteus  are  slightly 
modified  permanent  larvae,  b)  that  Siren  is  a  modified  larva  whppe 
choaiml  mechanism  has  been  brought  under  muscular  control. 

8.  The  Ckyptobranchiata  appear  to  be  mudi  modified  permanent 
larvae  whose  development  has  been  arrested  during  the  meta- 
morphosis. They  have  retained  the  essential  parts  of  the  acquatic 
respiratory  macbaniam  excepting  the  gills,  while  at  the  same  time 
they  have  the  pulmonary  mechanism  of  the  higher  urodeles. 

X^ifkolog.  Jahrbaeh.    48.  6 
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AN  ENTOMOLOGIST  IN  COSTA  RICA.* 

By  Philip  P.  Calvert,  Ph.  D., 
University  of  Pennsylvania,  Philadelphia,  Pa. 

Until  the  separation  of  Panama  as  an  independent  state 
from  Colombia,  Costa  Rica  was  the  southernmost  of  the  five 
republics  of  Central  America.  It  lies  between  Nicaragua  on  the 
north  and  Panama  on  the  south,  from  latitude  11°  to  8°  North. 
Its  general  trend  is  from  northwest  to  southeast,  and  through  its 
entire  length  runs  a  series  of  peaks,  many  of  them  volcanoes, 
whose  greatest  altitude  is  above  12,000  feet.  North  of  the  10th 
parallel,  this  chain  divides  into  two  branches  one  of  which, 
extending  in  a  more  easterly  direction  toward  the  Atlantic,  is 
composed  chiefly  of  the  volcanoes  Poas  (8786  ft.),  Barba 
(9508  ft.),  Irazu  (11326  ft.)  and  Turrialba  (10965  ft.).  The 
other  branch,  retaining  the  southeastward  trend,  is  continued 
by  the  Cordillera  of  Chiriqui  in  Panama  and  includes  the  highest, 
elevations  in  the  country.  Along  the  10th  parallel  the  distance 
from  the  Atlantic  to  the  Pacific  is  185  miles,  but  if  we  measure 
to  the  eastern  shore  of  the  Gulf  of  Nicoya,  that  is  from  the  port 
of  Limon  to  Puntarenas,  125  miles.  The  railroad  in  making 
this  transit  climbs  to  5000  feet  and  this  ascent  together  with  its 
windings  increases  the  actual  distance  to  175  miles. 

The  prevailing  easterly  trade  winds  coming  from  the  Carib- 
bean, laden  with  moisture,  strike  against  the  lofty  mountains, 
and  cause  a  heavy  precipitation  on  the  Atlantic  slope  throughout 
much  of  the  year.  Sheltered  by  the  same  peaks  the  Pacific 
slopes  and  even  some  localities  on  the  Atlantic,  like  Cartago,. 
receive  a  smaller  precipitation  until  southerly  winds  bring 
moisture  from  April  to  November. 


^Abstract  of  address  before  the  Entomological  Society  of  America,  Cleveland, 
Ohio,  Jan.  1,  1913.  The  address  was  illustrated  by  a  very  fine  series  of  lantern 
views  from  photographs  of  insects  and  localities  of  scientific  and  scenic  interest. 
—Ed. 
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Passing  from  east  to  west,  the  average  annual  rainfall  at 
Limon  is  126.8  inches,  Juan  Vinas  85.6,  Cartago  60.7,  with 
minimal  average  monthly  precipitations  of  5,  2.5  and  1  inch 
respectively  (all  these  on  the  Atlantic  slope),  while  correspond- 
ing figures  on  the  Pacific  slope  are  76  inches  for  Tres  Rios,  76.4 
for  San  Jose  and  62.1  for  Nuestro  Amo,  the  minimal  average 
monthly  rainfalls  being  .12,  .43  and  0  inches  respectively. 

The  abundant  rainfall  gives  rise  to  many  streams  of  all 
sizes.  Erosion  and  the  undermining  of  the  loose  soil  have  cut 
the  surface  of  the  land  into  many  deep  ravines  and  canyons, 
producing  a  rugged  topography  and  making  travel  difficult 
and  time-consuming.  Within  short  horizontal  distances  are 
great  differences  of  elevation.  This,  in  turn,  has  affected  the; 
character  of  the  vegetation  and  of  the  fauna.  Pronounced 
segregation  of  many  living  things  is  consequently  often  the 
case,  and  the  richness  of  the  biota,  as  estimated  by  the  number 
of  species,  is  greatly  increased. 

Pittier,  in  1908,  gave  the  number  of  species  of  flowering 
plants  of  Costa  Rica  as  3441;  the  corresponding  number  for 
New  Jersey  is  1351  (Stone,  1910).  Carriker,  in  1910,  listed 
753  species  and  subspecies  of  birds  from  Costa  Rica,  or  more 
than  half  the  total  number  (1196)  for  America  north  of  Mexico 
in  the  A.  O.  U.  check  list  of  the  same  year,  and  twice  as  many  as 
have  been  recorded  in  recent  years  for  Maine  (327),  Colorado 
(392)  or  Washington  (372) ;  the  smallest  of  these  three  has  an 
area  at  least  a  third  greater  than  that  of  Costa  Rica  which  is 
only  23,000  square  miles.  Rehn,  in  1905,  gave  a  partial  list 
of  195  species  of  Costa  Rican  Orthoptera,  as  against  154  species 
in  the  far  more  thoroughly  explored  state  of  New  Jersey. 
Godman  and  Salvin,  in  1901,  enumerated  236  genera  of  Costa 
Rican  butterflies;  Dyar,  in  1902,  recognized  152  genera  for 
America  north  of  Mexico.  Schaus  has  found  150  Costa  Rican 
species  of  the  butterfly  genus  Thecla,  as  contrasted  with  56 
species  in  America  north  of  Mexico. 

All  of  these  characteristics  make  Costa  Rica  a  Paradise  to 
the  naturalist.  Its  variety  of  altitude  offers  variety  of  temper- 
ature. The  short  distance  from  the  shores  of  the  Atlantic  to 
those  of  the  Gulf  of  Nicoya,  an  arm  of  the  Pacific,  and  the  exist- 
ence of  the  transcontinental  railroad  render  it  possible  to  pass 
from  one  to  the  other  in  ten  hours;  a  comparison  of  conditions 
at  similar  altitudes  on  the  two  slopes  of  the  divide  may  be  easily 
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and  quickly  made.  In  the  higher  parts  of  the  country  the  climate 
is  salubrious  and  invigorating,  and  with  a  little  care  one  may 
safely  investigate  the  heated  lowlands.  Proximity  to  South 
America,  with  no  intervening  barrier,  has  permitted  the  invasion 
of  many  denizens  of  the  Southern  Continent,  while  not  a  few 
cases  of  continuous  distribution  from  North  America  are  also  in 
evidence.  The  most  orderly  of  Central  American  countries 
holds  its  presidential  elections  with  as  much  enthusiasm  and 
with  less  disturbance  than  those  of  the  United  States.  A 
peaceful  and  hospitable  people  and  an  enlightened  government 
render  the  stranger's  visit  an  event  to  be  remembered  by  him 
with  delight  throughout  a  lifetime. 

In  one  or  other  of  these  qualities,  Costa  Rica  is  excelled  by 
Mexico,  Colombia  or  Brazil,  but  by  none  in  the  totality  of  the 
advantages  which  it  offers  to  the  students  of  all  the  branches 
of  ecology  in  its  widest  sense.  One  shadow,  indeed,  hangs  over 
the  fair  land — that  of  the  earthquakes  which  within  two  centuries 
have  thrice  destroyed  the  town  of  Cartago,  lying  on  the  southern 
slopes  of  the  volcano  Irazu,  the  latest  destruction  being  that  of 
May  4,  1910,  when  it  was  serving  as  our  own  headquarters. 

During  the  year.  May  1909,  to  May,  1910,  insects,  especially 
Odonata  (dragonflies)  were  collected  and  studied  at  the  following 
fourteen  groups  of  places  and  at  intervals,  in  order  to  obtain 
data  on  seasonal  distribution. 
On  the  Atlantic  slope : 

Banana  River  region,  50  feet,  November. 

Guapiles,  984  feet,  June,  November. 

Peralta,  1088  feet,  August,  March. 

Turrialba,  2000  feet,  July. 

Juan   Vinas,    2500-4000   feet,    June,    August,    October, 
December,  February,  March  April. 

Cachi,  3600  feet,  March. 

Cartago,  4750  feet,  every  month. 

Volcano  Irazu,  4750-11300  feet,  July,  September,  March. 
On  the  Pacific  slope : 

Tres  Rios  and  La  Carpintera,  4260  to  5700  feet,  Decem- 
ber, March. 

Alajuela,  3100  feet,  September,  December. 

Turrucares,  1800-2200  feet,  August,  December,  April. 

Surubres,  800  feet,  October. 

Puntarenas,  10  feet,  February. 

Guanacaste,  0-2200  feet,  January. 
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Pour  of  these  localities  are  here  described  briefly. 

Juan  Villas,  on  the.  Atlantic  slope,  was  particulariy  fruitful 
as  a  collecting  ground  owing  to  its  combination  of  many  of  the 
advantages  mentioned  above.  The  railroad  station,  73  miles 
from  Limon,  and  at  an  altitude  of  3300  feet,  is  on  the  bottom 
of  an  old  crater  the  rim  of  which,  at  the  general  level  of  the 
country,  is  700  feet  higher;  the  village  of  Juan  Vinas  is  at  this 
latter  elevation.  From  the  railway,  in  half  an  hour,  one  may 
reach  the  Rio  Reventazon,  800  feet  below.  The  canyon  of  this 
river  thus  has  a  depth  of  1500  feet,  and  presents  a  great  variety 
of  slow-  and  of  swift-flowing  brooks,  cascades,  waterfalls,  forest, 
swamp,  bare  rock  and  dense  vegetation.  It  was  productive  of 
material  illustrating  previously  unknown  life-histories  of  inter- 
esting Odonata  (Cora,  Mecistogaster,  Thaumatoneura,  Philo- 
genia,  Palaemnema,  etc.). 

Surubres,  on  the  Pacific  side,  at  an  altitude  of  about  800  feet, 
was  a  favorite  with  the  late  Professor  Paul  Biolley,  where  he 
gathered  much  insect  material  subsequently  sent  to  entomolo- 
gists in  the  United  States  and  in  Europe.  A  week  was  spent  in 
the  hacienda,  which  he  occupied  on  several  occasions,  but  at  a 
different  time  of  year,  to  secure  data  to  supplement  those  which 
he  obtained. 

The  northwestern  province  of  Costa  Rica,  Guanacaste,  has 
been  little  visited  by  entomologists.  Thanks  to  Professor  J.  F. 
Tristan,  the  writer  accompanied  an  oflicial  educational  commis- 
sion thither,  and  collections  and  observations  were  made  at 
Filadelfia,  Liberia,  Santa  Cruz,  and  Hacienda  Guachipelin. 
The  last  named,  at  an  altitude  of  1700  feet,  is  not  far  from 
the  still  unexplored  Volcano  Rincon  de  la  Vieja. 

Cartago,  near  the  top  of  the  Atlantic  slope  of  the  railroad, 
was,  until  its  destruction,  alluded  to  above,  a  convenient  center 
for  visits  to  various  parts  of  the  country  and  served  as  the 
breeding  place  of  living  material  collected  on  these  excursions. 

(Other  aspects  of  this  visit  to  Costa  Rica  have  been  described 
in  Entomological  News,  vol.  XXI,  pp.  334-337,  July,  1910,  and 
in  Old  Penn  Weekly  Review  of  the  University  of  Pennsylvania^ 
vol.  IX,  pp.  165-170,  Nov.  12,  1910.  Some  of  the  results 
obtained  from  studies  on  Costa  Rican  Odonata  have  been  pub- 
lished in  Entomological  News  for  1910,  1911  and  1912,  and  will 
probably  be  continued  in  subsequent  volumes  of  the  same 
journal.) 
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Phenacolestes  Material  Studied. 

In  1908,  Professor  T.  D.  A.  Cockerell  described  (1908a)  two  species 
of  fossil  Odonata  from  Station  14,  Florissant,  Colo.,  as  Phena- 
colestes mirandus  and  Ph,{t)  parallelus,  A  little  later  (19086)  he 
added  a  note  based  on  an  additional  fragment  which  he  referred  to 
the  latter  species,  and  in  another  place  (1908c)  he  gave  a  figure 
showing  the  body  as  well  as  the  wmgs,  the  previous  accounts  having 
referred  to  the  wings  only.  In  connection  with  the  original  descrip- 
tion he  quotes  from  a  letter  from  Professor  Needham  who  almost 
implies  that  Ph,  mirandus  is  to  be  placed  in  de  Selys'  legion  Podagrion 
of  the  Agrioninae  (1908a,  p.  63). 

In  the  latter  part  of  1910,  Professor  Cockerell  wrote  to  me  that 
he  had  found  more  wings  of  Phenacolestes j  and  requested  me  to  study 
them,  in  view  of  some  differences  of  opinion  as  to  its  relationship  to 
modem  dragonfiies. 

When  I  accepted  this  offer,  Professor  Cockerell  sent  me  four 
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specimens  of  these  fossil  wings  which,  for  reference  here,  I  have 
numbered  as  follows: 

No.  1.  Labelled  ^^  Phenacoleates  mirandus  Ckll.  Florissant,"  in 
Professor  Cockerell's  handwriting;  27  mm.  long  from  base  to  apex. 

No.  2.  Labelled  "  Phenacolestes  mirandua  Ckll.  Florissant  Sta.  12  B 
(G.  N.  Rphwer),"  in  the  same  hand.  Apparently  a  hind  wing. 
Distorted,  length  from  base  to  apex  as  it  lies  on  the  stone  26  mm. 

Nos.  3  and  4.  Unlabelled.  [These  are  the  two  impressions  of  the 
same  wing,  and  were  collected  by  Geo.  N.  Rohwer.  T.  D.  A.  Cock- 
erell.]  Apparently  a  front  wing.  Length  of  No.  3  from  base  to  apex 
28  mm. ;  of  No.  4  (apex  lost)  from  base  to  distal  end  of  stigma  25  mm. 

They  are  figured  from  enlarged  photographs  on  Plate  XIV  as  fig- 
ures 1-4. 

The  beautiful  preservation  of  these  wings  has  rendered  possible 
the  drawing  up  of  almost  as  full  a  description  of  the  venation  as  for 
any  living  species. 

Professor  Cockerell  has  very  kindly  presented  specimen  No.  3 
to  the  Academy  of  Natural  Sciences  of  Philadelphia;  the  other  three 
specimens  will  be  returned  to  him. 

Thanks  to  the  kindness  of  Dr.  F.  A.  Bather,  through  the  good 
offices  of  Mr.  C.  J.  Gahan,  I  have  also  studied  two  fossils  of  this 
insect  in  the  British  Museum  of  Natural  History,  when  in  London 
in  August,  1912.  One  of  these,  catalogued  as  "No.  I  8423,"  is  the 
paratype  of  Professor  Cockerell's  original  description  of  Phenacolestes 
mirandus.  The  other,  "No.  I  15,049,"  is  labelled  in  Professor  Cock- 
erelFs  handwriting  "Phenacolestes  mirandus  Ckll.  Florissant  Sta. 
13  B  (S.  A.  Rohwer)."  No.  I  8423  measures  20.5  mm.  in  length 
from  the  wing-base  to  the  proximal  end  of  the  stigma;  the  distal 
part  of  the  stigma  and  the  tip  of  the  wing  are  lacking;  the  nodus  is 
9  mm.  from  the  base.  No.  I  15,049  has  lost  the  stigma  and  apex  of 
the  wing  from  the  distal  end  of  Ma  forward  (cephalad  and  distad) 
and  the  extreme  hind  margin  between  the  apices  of  M2  and  Cui; 
its  length  along  the  costa  as  preserved  is  23  mm.,  the  nodus  is  10  mm. 
from  base. 

Use  has  also  been  made  of  an  excellent  photograph,  for  which  I 
thank  Professor  Cockerell  and  Dr.  Max  M.  Ellis,  of  the  University 
of  Colorado,  of  an  almost  perfect  wing  from  the  same  locality  as 
that  of  the  second  specimen  quoted  in  the  preceding  paragraph. 
This  photograph  is  reproduced  as  figure  5  on  Plate  XIV  accompany- 
ing this  paper;  it  will  be  designated  as  No.  5  in  these  pages  and 
apparently  represents  a  front  wing. 
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The  following  account  is  based,  therefore,  on  six  wings  in  seven 
impressions. 

Throughout  this  paper  the  Comstock-Needham  nomenclature 
for  the  wing-veins  has  been  employed.  In  the  previous  literature 
on  the  living  members  of  the  legion  Podagrion  the  Selysian  terms 
have  been  used.  The  equivalents  of  the  two  systems  are  therefore 
appended  here. 

De  Selys:  Costa  =  C.-N.:  Costa,  C. 

Subcosta  =  Subcosta,  Sc. 

Median  vein  =  Ri. 

Principal  sector      =  Mi. 

Ultra-nodal  sector  =  Mu. 

Nodal  sector  =  M2. 

Subnodal  sector      =  R«  (  +  the  bridge,  if  it  be 

present).  ^ 

Median  sector        =  Ms. 

Short  sector  =  M«. 

First  (or  superior) 
sector  of  the  tri«- 

angle  =  Cui. 

Second  (or  inferior) 
sector  of  the  tri- 
angle =  Cu2  and  Anal  (A). 

Basal      postcostal 

nervule  =  Cubito-anal  cross-vein  or  c-a. 

The  Principal  Characters  of  Phenacolestes  (Plate  XIV,figs.l-5). 

1.  Nodus  at  one-third  of  the  wing-length. 

2.  More  than  two  antenodals.     (Four  in  at  least  two  (Nos.  2,  3,  4) 

of  these  specimens,  five  in  No.  5  and  in  the  two  cited  from 
Brit.  Mus.) 

3.  Postnodals  17-19. 

4.  Stigma  having  its  proximal  edge  oblique. 

5.  Cells  of  the  wing  generally,  posterior  to  Mi,  not  greatly  elongated 

at  right  angles  to  long  axis  of  wing. 

6.  The  veins  generally,  posterior  to  Mi,  have  but  a  slight  caudal 

curvature  shortly  before  they  approach  the  hind  margin  of 
the  wing. 

7.  Between  Mi  and  Mu  is  only  one  row  of  cells  throughout  to  wing- 

margin.     (In  No.  5,  increased  to  two  rows  at  five  cells'  distance 
from  the  margin.) 

8.  Between  Mu  and  M2  is  one  row  of  cells,  increasing  to  two  and 

then  three  rows,  and  so  continuing  to  wing-margin. 

>  Throughout  this  paper  "Rs"  has  been  used  as  the  equivalent  of  de  Selys^ 
•*  subnodal  sector. " 
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9.  M2  separates  from  Mi  at  five-thirteenths  (  =  .38)  of  the  distance 
from  nodus  to  stigma.  (In  No.  5,  however,  the  distance  is 
only  .28,  in  No.  I  8423  B.  M.  it  is  .26.) 

10.  Between  Ma  and  R«  is  one  row  of  cells  increasing  to  two  and  then 

three  rows,  and  so  continuing  to  the  margin. 

11.  R«  separates  from  Mn-  2  at  the  subnodus.     (Nos.  3,  4,  5,  and 

B.  M.  I  15,049  show  this  clearly;  B.  M.  I  8423  apparently 
agrees  with  them;  No.  1  has  the  point  of  separation  slightly 
proximal  to  the  subnodus,  while  in  No.  2  this  part  is  indis- 
tinguishable.) 

12.  Between  R«  and  Mj  is  one  row  of  cells,  increasing  to  two  and  then 

to  three  rows  of  cells. 

13.  Arculus  slightly  proximal  to  the  second  antenodal.^ 

14.  M3  separating  from  Mn-2  at  six-tenths'  to  three-fourths'  way 

from  arculus  to  subnodus. 

15.  Between  Ms  and  M*  are  (a)  at  least  two  cross-veins  proximal  to 

the  level  of  the  subnodus,^  and  (6)  at  the  wing-margin  are  4--5 
rows  of  cells. 

16.  Quadrilateral  with  (a)  its  proximal  and  distal  sides  strongly 

diverging  caudad  and  (6)  its  distal  side  more  than  one-and 
one-half  times  as  long  as  its  proximal  side. 

17.  Between  M*  and  Cui  are  (a)  seven  antenodal  cells  (sensu  Selysii) 

and  (b)  at  the  wing-margin  four  to  five  rows  of  cells. 

18.  Cubito-anal   cross-veins  one,   which   is   situated   between  the 

levels  of  the  first  and  second  antenodals. 

19.  Between  Cui  and  Cu2  at  the  wing-margin  are  about  two  rows 

of  cells  (three  rows  in  B.  M.  No.  I  15,049). 

20.  Area  posterior  to  Cu2  without  distinct  branches,  but  with  three 

to  four  rows  of  cells. 

21.  Anal  vein  separating  from  the  hind  wing-margin  (a)  proximad 

to  the  level  of  the  arculus  and  (6)  proximad  to  the  level  of  the 
cubito-anal  cross-vein. 

22.  Anal  cross-veins,  proximal  to  the  level  of  the  distal  end  of  the 

quadrilateral,  one. 

Compared  with  Professor  Cockerell's  original  description  of 
Phenacolestes  mirandus  (1908a,  p.  61),  the  present  material  shows  the 
following  differences : 

Antenodal  cross-veins*  four  in  some  specimens  instead  of  five. 

Basal  space  (i.e.,  cell  M1-4)  4  mm.  long,  instead  of  nearly  5  mm. 


*  For  B.  M.  No.  I  8423  I  have  even  noted,  "Arculus  very  slightly  more  distal 
than  midway  between  the  two  normal  antenodals." 

*  The  second,  or  distal,  of  these  is  actually  at  the  subnodus  in  the  two  British 
Museum  specimens. 

*Prof.  Cockerell  speaks  of  antenodal  and  postnodal  sectors  meaning  these 
crosa-veins.  This  word  is  not  in  accordance  with  the  usage  of  other  authors  on 
the  Odonata.     R3  in  the  same  description  should  be  R*. 
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Quadrangle  with  its  upper  side  distinctly  shorter  than  the  lower 
side. 

Ml  separating  from  Mi+j  at  3.5-4  mm.  from  the  arculus,  2.5-1  mm; 
from  level  of  nodus. 

Postnodal  cross-veins*  17-19,  instead  of  21. 

Stigma  bounding  3^  or  4^  cells  above,  preservation  imperfect  in 
most  of  these  specimens. 

Ml  and  Ms  separating  at  as  much  as  10.75  mm.  from  arculus, 
instead  of  9.67  mm. 

Beyond  the  quadrangle,  i.e.,  between  M4  and  Cui,  are  seventeen 
single  cells  (Nos.  3  and  4),  or  sixteen  (No.  5),  then  two  rows  increas- 
ing; hence  very  different  from  Prof.  Cockerell's  statement,  p.  62, 
which  does  not  seem  to  agree  with  his  figure  (13  of  Plate  V). 

There  is  but  one  row  of  cells  between  Mi  and  Mia  throughout,  thus 
agreeing  with  the  description  of  Ph.{?)  paraUelus  (/.c,  p.  62)  in 
distinction  from  Ph.  mirandus. 

Two  specimens,  Nos.  1  and  3,  are  suflSciently  preserved  to  enable 
a  count  of  the  cells  between  Mi  and  R«  to  be  made.  From  the  margin 
proximad  these  are,  in  No.  1,  7  marginal  celjs,  then  3  rows  for  3-4 
cells,  then  2  rows  for  6  cells,  then  1  row  (which  is  consequently  met 
at  10-11  cells  in  from  the  margin),  this  single  row  comprising  about 
15  cells  to  the  origin  of  R«,  three  of  these  15  being  basad  of  the  origin 
of  M2.  Corresponding  figures  for  specimen  No.  3  are  5  (?)  marginal 
cells,  then  3  rows  for  4  cells,  then  2  rows  for  3  cells,  then  1  row  (which 
is  consequently  met  at  8  cells  in  from  the  margin),  this  single  row 
comprising  about  20  cells  to  the  origin  of  Rt,  5J  of  these  20  being 
basad  of  the  origin  of  Mi.  In  B.  M.  No.  I  8423,  this  shigle  row 
consists  apparently  of  15  cells,  4  of  which  are  basad  of  the  origin  of 
Ml.  In  B.  M.  No.  I  15,049,  this  single  row  consists  of  15  or  16  cells, 
3  and  the  greater  part  of  the  fourth  of  which  are  basad  of  the  origin 
of  Mi;  No.  5  appears  to  be  very  similar.  None  of  these  arrange- 
ments is  identical  with  that  described  for  Ph.  mirandus^  where, 
however,  the  single  row  of  cells  is  met  at  11  cells  in  from  the  margin. 

Prof.  Cockerell  gives  two  formulae  for  Ph.  mirandus  and  Ph.{?) 
paraUeluSy  respectively  (i.e.,  p.  62),  these  formulae  being  obtained  by 
taking  ''a  section  of  the  wing  down  from  the  basal  part  of  the  stigma 
to  Cui,  and  count[ing]  the  numbers  of  rows  of  cells  successively  met 
between  the  longitudinal  veins  ....  commencing  with  that 
between  Ri  and  Mi."  The  numbers  of  cells  so  obtained  will  depend 
on  the  exact  position  of  the  line  of  section,  but  Prof.  Cockerell  does 
not  specify  this.    Choosing,  as  the  two  points  fixing  this  line,  the 
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inferior  proximal  angle  of  the  stigma  and  the  point  where  Ouj  meets 
the  hind  wing-margin,  the  following  formulae  for  the  present  material 
were  obtained: 

No.  1:   1,  1,2,  1,2,2,3,2. 

No.  2:  (too  imperfect). 

No.  3:  1,  1,2,  1,2,2,3,2. 

No.  4:  1,  1,  2,  1,  2,  2,  3,  2. 

No.  5:   1,  1,2,2,2,2,3,2. 

No.  I  15,049:  1,  1,  2,  2,  2,  2,  3,  2. 

We  have  here  two  different  formulse,  neither  of  which  agree  with 
either  of  Prof.  CockerelFs  formulae. 

Guided  by  the  amount  of  variation  in  venational  details  of  one 
and  the  same  living  species  of  Agrioninae,  I  am  of  the  opinion  that 
the  differences  shown  by  the  present  material,  inter  se  and  from 
Prof.  Cockereirs  data,  do  not  justify  the  specific  separation  of  the 
specimens  before  me  from  Ph,  mirandua. 

All  of  the  present  material  show  more  or  less  distinctly  the  dark 
band  across  the  wing,  described  by  Prof.  Cockerell;  it  is  best  illus- 
trated in  our  figure  5. 

PhenacoJfistes  agrees  with  the  venational  characters  of  the  legion 
Podagrion,  as  stated  by  de  Selys  in  1886,*  with  the  one  exception 
that  the  wings  are  not  ''p6tiol6es  beaucoup  plus  loin  que  la  nervule 
basale  postcostale."  I  think  that  there  can  be  no  doubt  that  its 
nearest  living  allies  are  to  be  found  in  this  group.  I  have  therefore 
made  comparisons  with  a  number  of  genera  of  this  legion,  especially 
American,  with  the  results  set  forth  below.  As  I  have  had  only 
five  of  the  fossil  wings  and  photographs  of  one  other*  before  me  and 
am  unable  to  determine  whether  all  of  them  are  of  the  fore  or  hind 
pairs,  I  have  not  thought  it  necessary  to  employ  any  great  niunber 
of  specimens  of  the  living  species  for  these  comparisons. 

Comparison  of  the  fossil  Dysagrion  (packardu,  fredericii) 

WITH  PhENACOLESTES. 

According  to  the  figures  and  descriptions  of  this  Eocene  genus, 
from  the  Green  River  shales  of  Wyoming,  given  by  Scudder,*  Dysa- 
grion and  Phenacolestes  agree  in  the  characters  above  numbered 
2,  3,  4,  5,  7,7  10,  11,«  14,  156,  16a  and  6,  20,  21a  and  6,  and  22,  and 

»  Mem,  Couron.  Acad.  Belg.,  XXXVIII,  p.  30. 

•  Tertiary  Insects  of  North  America,  1890,  pi.  6,  figs.  3,  9,  14  and  pp.  128-133. 
,   '  In  D.  packardiif  but  not  in  D,  fredericii. 

*  As  Scudder  has  pointed  out,  p.  129,  however,  the  subnodus  is  bent  proximad 
(instead  of  distad  as  is  the  case  in  Phenacolestes). 
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differ  in  the  following  characters,  the  difference  shown  by  Dysagrion 
being  stated : 

1.  Nodus  at  .37  of  the  wing-length. 

6.  The  veins  generally,  posterior  to  Mi,  have  a  slighter  caudal 

curvature  as  they  approach  the  hind  margin. 

7.  Between  Mi  and  Mia  are  two  rows  of  cells  beginning  under  the 

stigma  (D,  fredericii,  not  D,  packardii), 

8.  Between  Mio  and  Ma  is  one  row  of  cells  increasing  to  two,  three, 

and  finally  five  rows. 

9.  M2  separates  from  Mi  at  .15^  of  the  distance  from  nodus  to  stigma. 

12.  Between  R$  and  Ms  is  one  row  of  cells  increasing  to  two,  three, 

and  eventually  eight  rows. 

13.  Arculus  apparently  at  the  second  antenodal. 

15a.  Between  Ms  and  Mi  is  apparently  only  one  cross-vein  proximal 
to  the  level  of  the  subnodus. 

17.  Between  M*  and  Cui  are  (a)  8-10  antenodal  cells  (the  quadri- 

lateral is  much  shorter  than  in  Phenacolestes)  and  (6)  at  the 
wing-margin  only  one  row  of  cells. 

18.  Cubito-anal  cross-veins  two  in  D,  fredericii j  one  of  them  proximal, 

the  other  distal,  to  the  arculus;  none  shown  in  D,  packardii. 

19.  Between  Cui  and  Cu2  at  wing-margin  one  (Z).  packardii)  or  three 

(Z).  fredericii)  rows  of  cells. 

Comparison    of   the    fossil   Melanagrion    (umbratum)    with 

Phenacolestes. 

According  to  the  figures  and  description  of  this  Miocene  genus 
from  Florissant,  Colo.,  given  by  Scudder,^®  Melanagrion  and  Phena- 
colestes agree  in  the  characters  above  numbered  5,  7,  8,^^  9,  10,^^ 
13,  14,  15o,  16a  and  6,  18,  and  differ  in  the  following  characters, 
the  difference  shown  by  Melanagrion  being  stated: 

1.  Nodus  at  .3  (?)  of  the  wing-length. 

2.  Only  two  antenodals. 

3.  More  than  26  postnodals  (27,  Scudder). 

4.  Stigma  having  both  proximal  and  distal  ends  much  less  oblique. 
6.  The  veins  generally,  posterior  to  Mi,  have  a  slighter  caudal 

curvature  as  th«y  approach  the  hind  margin. 
11.  Rf  separates  from  Mn-2  slightly  proximal  to  the  subnodus. 


« This  is  taken  by  measurement  from  Scudder's  figure,  although  he  says  that 
the  ''nodal  sector  arises  from  the  principal  ....  scarcely  more  than  one-fifth 
way  to  the  pterostigma"  (p.  129),  and  m  another  place  (p.  128)  "at  scarcely 
one-fifth  the  distance  from  the  nodus  to  the  pterostigma. "  WTiether  figure  or 
text  be  correct,  both  diflfer  from  the  condition  in  Phenacolestes. 


w  Scudder,  Tertiary  Insects  of  North  America,  1890,  pi.  13,  figs.  12,  14,  p.  136, 
described  this  form  as  a  Lithagrion.  It  was  made  the  type  of  a  new  genus, 
Melanagrion,  by  Prof.  Cockerell  in  Bull.  Amer.  Mus.  Nat.  Hist.,  XXXIII,  p.  138, 


1907. 

**  At  the  extreme  margin  there  are  four  rows  in  Melanagrion. 
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12.  Between  R$  and  Ms  is  one  row  of  cells  increasing  to  two  rows. 
156.  Between  Ms  and  Mi  at  the  wing-margin  are  only  three  rows 

of  cells. 
17.  Between  Mi  and  Cui  are  (a)  about  three  antenodal  cells  and 

(6)  at  the  margin  one  row  of  cells. 

19.  Between  Cm  and  Cu2  at  the  wing-margin  appear  to  be  but  one 

row  of  cells. 

20.  Area  posterior  to  Cu2  with  no  more  than  two  rows  of  cells. 

21.  Anal  vein  separating  from  the  hind  wing-margin   (a)   distad 

(fig.  12)  or  proximad  (fig.  14)  to  the  level  of  the  arculus  and 
(6)  at  the  level  of  the  cubito-anal  cross-vein  (fig.  14,  cross-vein 
not  shown  in  fig.  }2).*2 

22.  No  anal  cross-veins,  according  to  both  figures. 

Comparison  of  the  fossil  Lithagrion  (hyalinum)  with 
Phenacolestes. 

According  to  the  figure  and  description  of  this  Miocene  genus 
from  Florissant,  Colo.,  given  by  Scudder^^  and  some  notes  on 
more  recently  found  specimens  kindly  communicated  by  Prof. 
Cockerell,  Lithagrion  and  Phenacolestes  agree  ill  the  characters  above 
numbered  1,  3,  5,  7,  8,  9,  10  (probably),  11,  14,  15a,  16a  and  6,  18, 
and  differ  in  the.  following  characters,  the  differences  shown  by 
Lithagrion  being  stated: 

2.  Probably  only  two  antenodals.^* 

4.  Stigma  having  its  proximal  edge  very  much  less  oblique. 
6.  The  veins  generally,  posterior  to  Mi,  have  a  slighter  caudal 
curvature  as  they  approach  the  wing-margin. 

12.  Between  R$  and  Ma  is  only  one  row  of  cells  to  the  wing-margin. 

13.  Arculus  at  the  second  antenodal.^* 

156.  Between  Ma  and  M4  at  the  wing-margin  are  only  two  or  three 

rows  of  cells. 
17.  Between  M*  and  Cui  are  (a)  three  antenodal  cells  and  (b)  one 

row  of  cells  increasing  to  two  rows  only  at  the  extreme  margin. 

19.  Between  Cui  and  Cu2  at  the  wing-margin  is  only  one  row  of  cells. 

20.  Area  posterior  to  Cua  with  only  one  row  of  cells. 

21.  Anal  vein  separating  from  the  hind  margin  of  the  wing  distad 

to  the  levels  (a)  of  the  arculus  and  (6)  of  the  cubito-anal  cross- 
vein. 

22.  Anal  cross-veins  proximal  to  the  level  of  the  distal  end  of  the 

quadrilateral  apparently  none. 

»*Scudder'8  description,  p.  136,  says,  **The  wings  are  petiolated  very  nearly 
up  to  the  first  postcostal  nervule,  which  is  placed  shortly  before  the  base  of  the 
quadrilateral." 

»»  Tertiary  Insects  of  North  America,  1890,  pi.  13,  fig.  4,  and  pp.  128,  134-136. 

"  Scudder's  figure,  Z.c,  shows  but  one,  at  the  arculus.  Compare  Prof.  Cock- 
erell's  statements  on  this  point  in  Bull.  Amer.  Mus.  Nat.  Hist.,  XXXIII,  p.  137 
(1907);  XXXIV,  p.  63  (1908);  Amer.  Joum.  Sci.,  XXVI,  p.  69  (1908). 

"  A  sketch  kindlv  sent  by  Prof.  Cockerell  shows  the  arculus  a  little  distal  to 
the  second  antenodal. 
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Comparison  of  Thaumatoneura  (inopinata  and  pellucida) 

WITH  PhENACOLESTES. 

{Th,  inopinata  cT   9,  Th.  pellucida  cf,  Costa  Rica). 

These  two  genera  agree  in  the  characters  above  numbered  2,  11, 
14  (except  as  noted  below),  and  21a.  As  regards  character  11,  the 
separation  point  of  Rt  in  Thaumatoneura  varies  and  may  be  a  little 
proximal  to,  at,  or  a  little  distal  to,  the  subnodus. 

The  two  genera  differ  in xiharacters  given  below;  after  each  nmnber 
the  diflference  shown  by  Thaumatoneura  is  stated: 

1.  Nodus  at  about  one-fifth  of  the  wing-length. 

3.  Postnodals  very  numerous,  about  70. 

4.  Proximal  edge  of  stigma  more  oblique. 

5.  Cells  more  elongated  at  right  angles  to  long  axis  of  wing. 

6.  Stronger  caudal  curvatures  of  the  veins  generally  as  they  approach 

the  hind  margin  of  wing. 

7.  The  one  row  of  cells  between  Mi  and  Mia  increases  to  about 

10  rows  at  the  wing-margin. 

8.  The  one  row  of  cells  between  Mia  and  M2  increases  to  6+  rows 

at  the  wing-margin. 

9.  M2  separates  from  Mi  at  nearly  one-half  way  from  nodus  to 

stigma  and  at  a  less  acute  angle. 
10.  Between  M2  and  R$  at  the  wing-margin  are  6-7+  rows  of  cells. 

12.  Between  R«  and  Ma  at  the  wing-margin  are  7-8+  rows  of  cells. 

13.  Arculus  at  the  second  antenodal. 

14.  Ma  separates  from  M1+2  at  a  less  acute  angle. 

15.  Between  Ms  and  M4,  (a)  no  cross-veins  proximal  to  the  level  of 

the  subnodus,  (6)  at  the  wing-margin  10+  rows  of  cells. 

16.  Quadrilateral  with  (a)  its  proximal  and  distal  sides  subparallel 

and  (6)  subequal.        ^ 

17.  Between  M«  and  Cui  are  (a)  3-6  antenodal  cells  and  (6)  at  the 

wing-margin  8+  rows  of  cells. 

18.  Cubito-anal  cross-veins  twOy  one  proximal  to  the  level  of  the 

first  antenodal  cross-vein,  the  other  below  the  middle  of  the 
quadrilateral. 

19.  Between  Cut  and  Cu2  at  wing-margin  are  about  12  rows  of  cells. 

20.  Area  posterior  to  Cu2  much  larger,  Cu2  with  many  branches. 
216.  Anal  vein  separates  from  the  hind  margin  of  the  wing  distad  to 

the  level  of  the  proximal  cubito-anal  cross-vein. 
22.  Anal  cross-veins  proximal  to  the  level  of  the  distal  end  of  the 
quadrilateral  3-5. 

Relationships  of  Thaumatoneura. 

Some  words  may  be  added  here  as  to  the  retention  of  Thaumato- 
neura in  this  group  after  the  diverging  opinions  of  Professors  Needham 
and  Foerster.    The  late  Mr.  McLachlan,  on  describing  ThauTuato- 
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neura  (1897),  referred  it  to  the  Calopteryginae.  In  1902,  I  placed 
it  in  the  legion  Podagrion  of  the  Agrioninae.^®  In  1903,  Professor 
Needham  associated  it  with  the  Anormostigmatini  (  =  legion 
Pseudostigma  of  Selys),  stating  that  '4t  has  all  the  essential  vena- 
tional  characters  of  this  group,  and  surely  these  are  sufficiently 
distinctive/'^^  A  comparison  of  Thaumatoneura  with  these  essential 
venational  characters^  gives  the  following  result. 

Thaumatoneura  agrees  with  the  Anormostigmatini  in  that  R$ 
separates  from  M1+2  at  or  very  close  to  the  subnodus  and  the  part 
of  the  wing  beyond  the  nodus  is  greatly  enlarged.    On  the  other  hand, 
Thaumatoneura  differs  from  the  Anormostigmatini  in  that,  while  the 
stigma  is  not  braced,  it  is  not  diffuse  or  lost;  the  matching  of  cross- 
veins  is  not  so  marked;  the  longest  vein  between  Mi  and  M2,  which, 
in  the  preceding  pages,  we  have  assumed  to  be  Mu,  does  not  parallel 
M2  more  than  it  parallels  Mi  and  lies  almost  midway  between  Mi 
and  M2;  it  has  shorter  supplementary  sectors  between  itself  and  Mi 
and  also  between  itself  and  M2;  these  latter  tend  to  be  longer  and 
better  developed  than  those  anterior  to  Mia,  and  in  this  Thaumato- 
neura resembles  Paraphlebia  and  differs  from  the  Anormostigmatini. 
This  tendency  to  the  development  of  more  rows  of  cells  between 
Mu  and  Mj  than  between  Mi  and  Mia  is  emphasized  in  Philogenia 
carrillica,  P.  terraha,  Heteragrion  tricellulare,  H,  erythrogastrum  and 
Argiolestes  icterom^las  which  have  no  supplementary  sectors  between 
Ml  and  Mia,  but  two  between  Mia  and  M2;  all  these  are  Podagrionines. 
Even  in  more  reduced  venations  of  the  same  group,  as  in  Allopoda- 
grion  there  are  no  supplementary  sectors  between  Mi  and  Mia,  but 
still  one  between  Mia  and  M2.     On  the  other  hand,  even  in  Anormos- 
tigmatini with  the  most  reduced  venation,  e.g.,  Medstogaster,  there 
is  a  longer  supplementary  sector  between  Mi  and  Mia  than  between 
Mia  and  M2.    Professor  Needham  himself  has  pointed  out  some 
further  differences  of  Thaumatoneura  from  MegaloprepuSj  and  still 
others  may  be  added.    Thus  the  nodus  and  quadrilateral  (quad- 
rangle) are  no  more  approximated  in  Thaumatoneura  than  in  many 
other  undoubted  members  of  the  legion  Podagrion  (See  Table  I, 
p.    250,    posted).     Thaumatoneura    possesses  more  supplementary 
sectors  between  M2  and  R$  and  between  R«  and  Ms.     I  believe, 
therefore,  that   Thaumatoneura  shows  more  resemblances  to   the 
legion  Podagrion  than  to  the  legion  Pseudostigma,  but  it  does  not 


"  1902,  pp.  29-32.     Biol.  Centr.  Amer.  Neur.,  p.  58. 
"  Genealogic  Study j  pp.  748-749,  footnote. 
»  Needham,  I.e.,  p.  748. 
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seem  impossible  that  the  Anormostigmatini  may  have  descended 
from  some  form  like  Thaumatoneura, 

Professor  Foerster  considers  Thaumatoneura  as  a  connecting  form 
between  the  Calopteryginae  and  the  legion  Podagrion,  '*  which  is 
better  left  with  the  Calopteryginae."  '*Bei  .  .  .  .  Thaumato- 
neura ist  der  aussere  Ast  des  Sector  inferior  trianguli  convex  nach 
vom  gebogen  wie  bei  alien  echten  Calopterygiden.  Bei  alien 
Agrioninen  ist  er  dagegen  schwach  convex  nach  hinten."^*  Many 
Calopteryginse  (Selys)  have  not  Cu2  convex  anteriorly,  of  course, 
such  as  MicromeruSj  Rhinocypha  biforata  and  other  species,  Libellago, 
etc.,  but  perhaps  these  are  not  ^^echt."  On  the  other  hand,  such 
Agrionines  as  Megahprejms,  Microstigmaj  and  Paraphlebia  also  have 
Cu2  convex  anteriorly,  while  a  tendency  in  the  same  direction  is 
observable  in  Argiolestes  and  even  in  Hyponeura,  so  that  I  cannot 
see  that  any  strong  argument  for  the  Calopterygine  affinities  of 
Thaumatoneura  can  be  drawn  from  this  character. 

Comparison  of  Philogenia  (terraba,  carrillica)  with 
Phenacolestes. 

(PA.  terraba  cf,  Ph,  carrillica  c?  9  ,  Costa  Rica.) 

These  two  genera  agree  in  the  characters  above  numbered  4,  5,  6, 
7,  10,20  11  (carrillica,  not  terraba),  12,2o  14,  16,  18. 

These  two  genera  differ  in  characters  given  below;  after  each 
number  the  difference  shown  by  Philogenia  is  stated. 

1.  Nodus  at  one-fourth  of  the  wing-length. 

2.  Only  two  antenodals. 

3.  Postnodals  22-30. 

8.  Between  Mu  and  M2  is  at  first  but  one  row  of  cells  which,  more 

distad,  is  increased  to  two  and  then  to  three  rows  by  the 
presence  of  two  distinct  curvilinear  (i.e.,  not  broken)  supple- 
mentary'* sectors,  the  posterior  of  which  arises  proximad  to  the 
anterior;  each  of  these  three  rows  increases  to  a  double  row 
before  reaching  the  wing-margin  at  an  individually  variable 
distance  therefrom. 

9.  Ma  separating  from  Mi  at  one-third  of  the  distance  from  nodus 

to  stigma. 
11.  Rt  separating  from  M1+2  a  little  distad  to  the  subnodus  (terrabay 

not  carrillica). 
13.  Arculus  slightly  distal  to  the  second  antenodal. 

'» Jahrb,  Nassau,  Ver.  f,  Naturk.  in  Wiesbaden,  62,  p.  214,  1909. 

**  At  the  very  margin  itself,  each  of  the  three  rows  in  Philogenia  tends  to  divide 
into  two  rows,  but  each  of  these  last  extends  inward  only  2-3  cells  from  the 
margin. 
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15.  Between  Ms  and  M4  is  (a)  one  cross-vein  proximal  to  the  level 
of  the  subnodus  and  (6)  at  the  wing-margin  art  two  or  three 
rows  of  cells. 

17.  Between  M*  and  Cui  are  (a)  2-3  antenodal  cells  and  (6)  at  the 
wing-margin  one  row  of  cells. 

19.  Between  Cui  and  Cu2  at  the  wing-margin  is  one  row  of  cells. 

20.  Area  posterior  to  Cus  less  developed,  having  only  one  row  of  cells. 

21.  Anal  vein  separating  from  the  hind  wing-margin  at  the  mid-level 

of  the  quadrilateral,  hence  distad  both  to  (a)  the  level  of  the 
arculus  and  (6)  that  of  the  cubito-anal  cross-vein. 

22.  No  anal  cross-vein  proximal  to  the  level  of  the  distal  end  of  the 

quadrilateral,  but  there  is  a  cross-vein  continuing  the  vein 
which  forms  the  distal  end  of  the  quadrilateral  to  the  wing- 
margin;  this  cross-vein  is  absent  in  Phenacolestes,  Thaumato- 
neura  and  Paraphlebia, 

Note. — The  wing  figured  by  Prof.  Needham  (Genealogic  Study, 
PI.  53,  fig.  4)  as  that  of  ^^  Philogenia  sp.?"  is  not  Phihgeniaj  but 
Megapodagrion  Selys  sens,  lat.  {Allopodagrion  Foerster). 

Comparison  of  Megapodagrion   (nebulosum^^)   with 
Phenacolestes. 

(Af.  nebulosum  2  cf ,  Bolivia.) 

•  These  two  forms  agree  in  the  characters  above  numbered  1,  3,  5, 
7,  10,  11,  14,  16,  18,  21a,  22. 

These  two  forms  differ  in  the  characters  given  below;  after  each 
number  the  difference  shown  by  the  Megapodagrion  is  stated. 

2.  Only  two  antenodals. 

4.  Stigma  having  its  proximal  edge  less  oblique. 

6.  The  longitudinal  veins  show  less  curvature. 

8.  Between  Mia  and  M2  at  the  wing-margin  are  two  rows  of  cells. 

9.  M2  separates  from  Mi  at  .45  to  .41  of  the  distance  from  nodus 

to  stigma. 

12.  Between  R»  and  Ma  at  the  wing-margin  is  only  one  row  of  cells. 

13.  Arculus  at  the  second  antenodal. 

15.  Between  Ma  and  Mi  is  (a)  only  one  cross-vein  proximal  to  the 
level  of  the  subnodus  and  (6)  at  the  wing-margin  are  two  rows 
of  cells. 

17.  Between  M4  and  Cui  are  (a)  3-5  antenodal  cells  and  (6)  at  the 
wing-margin  only  one  row  of  cells. 

19.  Between  Cui  and  Cu2  at  the  wing-margin  is  only  one  row  of  cells. 

20.  Area  posterior  to  Cu2  with  only  one  row  of  cells. 


*^  Megapodagrion  nebulosum  Selys  is  referable  to  the  recently  proposed  genus 
Allopodagrion  of  Forster,  Wien.  Ent.  Zeit.,  XXIX,  p.  51,  1910. 
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216.  Anal  vein  separating  from  the  hind  margin  of  the  wing  at  or 
slightly  distad  to  the  cubito-anal  cross-vein. 

Note, — The  wing  figured  by  Prof.  Needham  {Genealogic  Sivdy^ 
pi.  53,  fig.  4)  as  that  of  ^^Philogenia  sp.?'*  is  really  that  of  a  Mega-- 
podagrion  Selys  sens,  lat,,  Allopodagrion  Foerster. 

Comparison  of  Paraphlebia  (zoe  and  abrogata)  with 
Phenacolestes. 

(P.  zoe  cf   9  Mexico,  P.  abrogata  cf  Guatemala.) 

These  two  genera  agree  in  the  characters  above  numbered  4,  5,  10 
(abrogata  only),  12  {abrogata  only),  and  156  {abrogata  only). 

These  two  genera  differ  in  the  characters  given  below;  after  each 
number  the  difference  shown  by  Paraphlebia  is  stated. 

1.  Nodus  at  one-fifth  of  the  wing-length. 

2.  Only  two  antenodals. 

3.  Postnodals  40  db. 

6.  Stronger  caudal  curvatures  of  the  longitudinal  veins  generally 

as  they  approach  the  hind  margin  of  the  wing,  although  less 
strongly  curved  than  in  Thaumatoneura, 

7.  The  one  row  of  cells  between  Mi  and  Mu  increases  to  3  rows 

{abrogata)  or  4-6  rows  {zoe)  at  the  wing-margin.  * 

8.  The  one  row  of  cells  between  Mu  and  M2  increases  to  3  rows 

{abrogata)  or  4-6  rows  {zoe)  at  the  wing-margin. 

9.  M2  separates  from  Mi  at  one-half  {abrogata)  or  thirteen-thirtieths 

(  =x  .43)  of  the  distance  from  nodus  to  stigma  {zoe). 

10.  Between  M2  and  R$  at  the  wing-margin  are  3-6  rows  of  cells 

{zoe). 

11.  R4  separates  from  M1+2  distad  to  the  subnodus. 

12.  Between  R$  and  Ms  at  the  wing-margin  are  3-6  rows  of  cells 

{zoe). 

13.  Arculus  at  or  even  slightly  distal  to  the  second  antenodal. 

14.  Ms  separating  from  Mn-2  at  or  distad  to  the  subnodus. 

15.  Between  Ms  and  M4  (a)  are  no  cross-veins  proximal  to  the  level 

of  the  subnodus  (2oe,  abrogata)  ^  and  (6)  at  the  wing-margin  are 
5-7  rows  (front  wings,  zoe)  or  6-11  rows  (hind  wings,  zoe)  of 
cells. 

16.  Quadrilateral  with  (a)  its  proximal  and  distal  sides  subparallel 

or  slightly  diverging  caudad,  and  (6)  its  distal  side  hardly  more 
W      tnan  one  and  one-half  times  as  long  as  the  proximal  side. 

17.  Between  Mi  and  Cui  is  (a)  one,  or  less  than  one,  antenodal  cell, 

and  (6)  at  the  wing-margin  are  3  {abrogata)  or  3-6  {zoe)  rows 
of  cells. 

18.  Cubito-anal  cross-veins  two,  one  between  the  levels  of  the  first 

and  second  antenodals,  but  nearer  to  that  of  the  first,  the  other 
nearly  below  the  middle  (or  distal  to  the  middle)  of  the  quadri- 
lateral. 
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19.  Between  Cui  and  Cua  at  the  wing-margin  are  10-14  rows  of  cells 

in  zoe,  seven  (front  wings)  or  five  (hind  wings)  rows  in  abrogaia, 

20.  Area  posterior  to  Cua  less  developed  and  with  only  two  (abrogata, 

zoe  9 )  or  three  {zoe  cf)  rows  of  ceH3.^^ 

21.  Anal  vein  separating  from  the  hind  wing-margin  (a)  distad  to 

the  level  of  the  arculus  and  (6)  nearly  at  the  level  of  the  second 
(distal)  cubito-anal  cross-vein. 

22.  Anal  cross-veins,  proximal  to  the  level  of  the  distal  end  of  the 

quadrilateral,  two  (one  in  the  front  wings  of  the  single  female 
zoe). 

Comparison  of  Dimeragrion  n.  gen.  (percubitale  n.  sp.)  with 

Phenacolestes. 

(Z).  percubitale  14  c?,  6  9 ,  British  Guiana,  Plate  XIV,  fig.  6.) 

These  two  genera  agree  in  the  characters  above  numbered  1,  5, 
7,"  8,  9,  12,"  16a,  166. 

These  two  genera  differ  in  characters  given  below;  after  each 
number  the  difference  shown  by  Dimeragrion  is  stated. 

2.  Twoantenodals.2^ 

3.  Postnodals  20-27  (front  wing),  16-24  (hind  wing),  fewer  in  the 

flmales  than  in  the  males. 

4.  Stigma  having  its  proximal  edge  more  oblique. 

6.  The  veins  generally,  posterior  to  Mi,  have  a  slighter  caudal 
curvature,  or  are  almost  straight,  as  they  approach  the  hind 
margin  of  the  wing. 

10.  Between  M2  and  R»  is  but  one  row  of  cells  which  at  a  distance  of 

usually  two^  cells  from  the  wing-margin  increases  to  two  rows. 

11.  Rf  separates  from  M1+2  at  the  first  postnodal,  or  a  little  proximad 

thereto,  or  between  the  first  and  second  postnodals. 

13.  Arculus  at  or  very  slightly  distal  to  the  second  antenodal. 

14.  Ms  separates  from  M1+2  a  little  proximad  to  the  subnodus,  at 

least  at  seven-eighths'  distance  from  arculus  to  subnodus.^ 

**  The  hind  wings  of  some  individuals,  cf  9 ,  of  P.  dxwdecima  have  only  one 
row  of  cells  here. 

**  Two  rows  of  cells  between  Mi  and  Mia  for  short  distances  proximad  to  the 
level  of  the  stigma  have  occasionally  been  noted  in  Dimeragrionj  viz. :  for  three 
cells  in  one  front  wing  each  of  two  males  and  for  two  cells  in  the  other  front  wing 
of  one  of  these  same  two  males. 

**  Each  of  the  three  rows  of  cells  in  the  terminal  part  of  the  area  R«  increases 
to  two  rows  at  the  wing-margin  in  one  front  and  one  hind  wing  of  the  same  male. 

*  A  third  antenodal  placed  between  the  usual  two  and  confined  to  the  costal 
space  exists  in  the  right  hind  wing  only  of  one  male. 

*•  This  increase  to  two  rows  has  been  noted  as  beginning  at  three  cells  from 
the  margin  in  2  front  win^  and  2  hind  wings;  at  four  cells  in  3  front  wings, 
1  hind  wing;  at  five  cells  m  2  front  wings,  1  hind  wing;  at  six  cells  in  2  front 
wings,  2  hind  wings;  at  seven  cells  in  1  hmd  wing.  All  the  individuals,  seven 
in  number,  showing  these  variations  are  males. 

"  In  one  wing  only  it  separated  at  the  subnodus. 
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15.  Between  Mi-a  and  M*  are  (a)  no  cross-veins  proximal  to  the 

level  of  the  subnodus,  and  (6)  between  Ma  and  M*  is  only  one 
row  of  cells  to  the  wing-margin. 

17.  Between  M4  and  Cui  are  (a)  two  to  three  antenodal  cells  (sensu 

Selysii)  and  (b)  only  one^^  row  of  cells  to  the  wing-margin. 

18.  Cubito-anal  cross-veins  between  the  levels  of  the  two  antenodals 

varying  from  one  to  four,  most  frequently  two;    often  an 
additional  cross-vein  proximal  to  the  level  of  the  first  antenodal.^ 

19.  Between  Cui  and  Cu2  is  only  one  row  of  cells  to  the  wing-margin. 

20.  Area  posterior  to  Cu2  with  only  one  row  of  cells. 

21.  Anal  vein  separating  from  the  hind  wing-margin  (a)  distad  to  the 

level  of  the  arculus  and  (b)  distad  to  the  level  of  the  cubito-anal 
cross-vein  or  veins. 

22.  Anal  cross-veins,  proximal  to  the  level  of  the  distal  end  of  the 

quadrilateral,  one,  situated  a  little  proximad  to  the  oblique 
vein  which  continues  the  distal  side  of  the  quadrilateral  caudad, 
or  at  that  oblique  vein. 

Comparison  op  Heteragrion  (tricellulare)  with 
Phenacolestes. 

{H.  tricellulare  cf ,  Guatemala.) '^ 

These  two  forms  agree  in  the  characters  above  numbered  5,  7,  8, 

16,  18,  21a. 

These  two  forms  differ  in  characters  given  below;  after  each  number 
the  difference  shown  by  the  Heteragrion  is  stated. 

1.  Nodus  at  one-fourth  of  the  wing-length. 

2.  Only  two  antenodals. 

3.  Postnodals  21-25. 

4.  Proximal  edge  of  pterostigma  more  oblique,  but  the  difference  is 

less  marked  than  in  Thaumatoneura. 
6.  Longitudinal  veins  hardly  curved  at  all  caudad  on  approaching 

the  wing-margin. 
9.  M2  separates  from  Mi  at  three-sevenths  (  =  .43)  of  the  distance 

from  nodus  to  stigma. 

10.  Between  M2  and  Rt  at  the  wing-margin  is  but  one  row  of  cells. 

11.  Rf  separates  from  M1+2  far  distad  (e.g.,  five  to  six  cells)  to  the 

subnodus. 

12.  Between  R«  and  Ms  at  the  wing-margin  is  but  one  row  of  cells. 

13.  Arculus  at  the  second  antenodal. 

14.  Ma  separating  from  M1+2  at  or  barely  proximad  to  the  subnodus. 

15.  Between  Ms  and  Mi  are  (a)  no  cross-veins  proximal  to  the  level 

of  the  subnodus,  as  results  from  No.  14,  and  (6)  at  the  wing- 
margin  only  one  row  of  cells. 

*  Two  rows  exist  in  both  hind  wings  of  each  of  two  females  and  in  one  hind 
wing  of  one  male. 

*  For  details  see  the  specific  description  of  Oimeragrion  percubitale,  nos/ea,p.  269. 

*  The  wing  of  Heteragrion  flavovittatum  has  been  figured  by  Neednam  (Geneal. 
Study,  pi.  53,  fig.  6). 
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17.  Between  M4  and  Cui  are  (a)  three  antenodal  cells'^  and  (6)  at 

the  wing-margin  only  one  row  of  cells. 

19.  Between  Cui  and  Cu2  at  the  wing-margin  only  one  row  of  cells. 

20.  Area  posterior  to  Cu2  less  developed,  having  only  one  row  of  cells. 
216.  Anal  vein  separating  from  the  hind  wing-margin  at  or  distad 

to  the  cubito-anal  <;ross-vein. 
22.  Anal  cross-vein  as  stated  above  for  Philogenia. 

Comparison  of  Mesagrion,  Heteropodagrion,  and  Neuragrion 

WITH  PhENACOLESTES. 

Of  three  other  American  genera  of  the  legion  Podagrion,  Mesagrion 
Selys,  Heteropodagrion  Selys  and  Neuragrion  Karsch,  each  represented 
by  a  single  species,  the  first  from  Bogota,  the  second  from  Quito, 
the  third  from  Ecuador  without  more  definite  locality,  I  have  seen 
no  material. 

According  to  the  description  of  de  Selys  (1886),  Mesagrion  agrees 
with  Phenacolestes  in  characters  above  numbered  3,  7  (probably),  8, 
12,  and  16a,  and  differs  from  Phenacolestes  in  the  following  characters: 

2.  Only  two  antenodal  cross-veins. 

10.  Between  M2  and  R«  only  one  row  of  cells. 

11.  R«  separates  from  Mn-2  distad  to  the  subnodus. 

14.  Ma  separates  from  M1+2  a  little  distad  to  the  subnodus. 
156  (Probably  one  row  of  cells  between  Ms  and  M*). 
17a.  Between  M4  and  Cui  are  two  antenodal  cells  and  b  (probably 
one  row  of  cells  at  the  wing-margin). 

18.  Cubito-anal  cross-veins-  <mc,  sriuated  proximad  to  the  level  of 

the  first  antenodal  cross-vein. 

19.  (Probably  one  row  of  cells  between  Cui  and  CU2). 

21.  Anal  vein  separating  from  the  hind  margin  of  the  wing  (a)  distad 

to  the  level  of  the  arculus,  and  (6)  distad  to  the  level  of  the 
cubito-anal  cross-vein. 

According  to  de  Selys'  description  (1886),  Heteropodagrion  agrees 
with  Phenacolestes  in  characters  above  numbered  7  (probably),  10, 

12.  14,  and  16a,  and  differs  from  Phenacolestes  in  Nos.  2,  11,  156 
(probably),  17a  (and  6  probably)^  18,  and  21  in  the  same  particulars  as 
Mesagrion  is  above  stated  to  differ  from  Phenacolestes,  Heteropodag- 
rion further  differs  from  Phenacolestes  in  the  following  characters: 

3.  Postnodals  20-23. 

8.  (Probably  one^^  j-q^  Qf  ^^w^  between  Mia  and  M2.) 

*^  Other  species  of  Heteragrion  have  but  two  or  one  antenodal  cell  (Selys,  1886, 
pp.  54,  55). 

^^  Dr.  Karsch,  in  his  description  of  Neuragrion^  states  that  it  has  "zwei  Schalt- 
sectoren  ....  zwischen  aem  Nodal-  und  Ultranodalsector, "  and,  further 
on,  that  it  agrees  in  this  respect  with  Heteropodagrion^  but  de  Selys'  description 
<>{  the  latter  is  silent  on  this  point  (although  not  for  the  same  area  of  Mesagrion) 
and,  I  think,  implies  the  absence  of  *'Schaltsectoren"  here. 
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According  to  Karsch's  description,^'  Neuragrian  agrees  with 
JPhenacolestes  in  characters  above  numbered  2  (but  for  the  hind  wings 
only),'*  8,  10,  12,  14  (in  so  far  as  **Der  Mediansector  entspringt  aus 
-dem  Principalis  vor  der  vom  Nodus  absteigenden  Ader"),  and  16a, 
and  differs  from  Phenacolestes  in  the  following  characters: 

2.  Only  two  antenodals  on  the  front  wings. 

3.  Postnodals  20-21. 

11.  R«  separates  from  Mi+a  near  the  first  postnodal  cross-vein. 
13.  Arculus  distal  to  the  normal  second  antenodal. 
156.  Between  Ma  and  M*  probably  only  one  row  of  cells  to  margin. 
176.  Between  M4  and  Cui  probably  only  one  row  of  cells  to  margin. 

18.  Cubito-anal   cross-vein    apparently   proximal   to    (*'vor,"    not 

"von"?)  the  level  of  the  first  antenodal. 

19.  Between  Cui  and  Cu2  at  wing-margin  probably  only  one  row  of 

cells. 
21.  Anal  vein  separates  from  the  hind  wing-margin  (a)  at  the  level 
of  the  arculus  and  therefore  (6)  distad  to  the  level  of  the 
cubito-anal  cross-vein. 

•Comparison  of  Rhipidolestes  (aculeata)  with  Phenacolestes. 
(Rhipidolestes  aculeata  inhabits  Formosa.) 

Accordmg  to  the  description  and  figure  of  Dr.  Ris  (1912),  these 
two  forms  agree  in  the  characters  above  numbered  1,  5,  6,  7,  8,  9, 
10,85  i2,»5  15a,  16a  (and  perhaps  166),  18,  19,  and  differ  in  the  fol- 
lowing characters  possessed  by  Rhipidolestes: 

2.  Only  two  antenodals. 

3.  Postnodals  about  22  (front  wing)  and  21  (hind  wing). 

4.  Stignaa,  although  having  its  proximal  edge  of  about  the  same 

obliquity  as  in  Phermcolestes,  is  shorter  proximo-distally  and 
its  distal  edge  is  less  oblique. 
11.  R«  separates  from  Mi +2  proximad  to  the  subnodus  at  very  nearly 
three-fourths'  distance  from  arculus  to  subnodus. 

13.  Arculus  at  the  second  antenodal. 

14.  Ma  separates  from  Mn-2  at  mid-way  from  arculus  to  subnodus. 
156.  Between  Ms  and  M4  at  the  wing-margin  are  three  rows  of  cells. 
17.  Between  M4  and  Cui  are  (a)  three  antenodal  cells  and  (6)  at  the 

wing-margin  three  rows  of  cells. 

20.  Area  posterior  to  Cu2  with  only  one  row  of  cells. 

**  Societal  Enlomologica  VI,  p.  105,  1891.  Neuragrion  was  described  from  a 
single  female. 

**"Im  Hinterfliigel  drei  Antecubitalqueradern,  deren  mittlere  auf  den  Sub- 
cost  :ilraum  beschrankt  ist." 

*Eaeh  of  the  three  rows  in  the  terminal  parts  of  these  M2  and  R«  areas  may 
divide  itself  into  two  rows  at  two  or  three  cells'  distance  from  the  wing-margin. 


Digitized  by 


Google 


242  PROCEEDINGS   OP  THE  ACADEMY   OP  [May^ 

21.  Anal  vein  separating  from  the  hind  wing-margin  (a)  distad  ta 

the  level  of  the  arculus  and  (6)  distad  to  the  level  of  the  cubito- 
anal  cross-vein. 

22.  Anal  cross-vein  at  the  vein  descending  from  the  distal  end  of  the 

quadrilateral. 

Comparison  of  Podopteryx  (roseonotatus)  with 
Phenacolestes.  ^ 

(P.  roseonotatus  cf  t>T)e  of  Selys  (from  Aru),  1  cf  1  9  Queensland 
determined  by  Mr.  Herbert  Campion;  all  three  in  the  British 
Museum.) 

These  two  genera  agree  in  the  characters  above  numbered  5,  7, 
8,^  10,38  11,»»  12*>,  16,  176,  and  IS.-^^ 

These  two  genera  differ  in  the  characters  given  below;  after  each 
number  the  difference  shown  by  Podopteryx  is  stated. 

1.  Nodus  at  one-fourth  of  the  wing-length. 

2.  More  ofteh  only  two  antenodals.^^ 

3.  Postnodals  32-35. 

4.  Stigma  less  oblique,  shorter  in  its  proximo-distal  dimension  in 

proportion  to  its  antero-posterior  dimension. 
6.  The  veins  generally,  posterior  to  Mi,  have  a  more  pronounced 

caudal  curvature  as  they  approach  the  hind  margin  of  tHe 

wing. 
9.  M2  separates  from  Mi  at  .37  to  .43  of  the  distance  from  nodus  to 

stigma. 
13.  Arculus  at  the  second  antenodal.*^ 

*«  I  am  indebted  to  Mr.  Herbert  Campion  for  first  calling  my  attention  to  the 
desirability  of  comparing  this  genus  with  Phenacolestes. 

"  There  are  7-8  rows  at  the  extreme  margin,  however. 

**  There  are  5-7  rows  at  the  extreme  margin,  however. 

»  In  both  front  wings  of  the  Queensland  male  and  in  the  left  front  wing  of  the 
female  R«  is  united  with  Ms  for  from  one-half  to  one  cell  distad  of  the  subnodus. 

«  There  are  5-6  rows  at  the  extreme  margin,  however. 

*^  The  right  hind  wing  of  the  type  male,  the  right  front  and  left  hind  wings 
of  the  Queensland  female  have  a  second  cubito-anal  cross-vein  proximal  to  the 
normal  one  and  nearly  mid-way  between  the  levels  of  the  first  and  second  ante- 
nodals;  the  normal  cubito-anal  cross-vein  is,  in  all,  nearer  to  the  level  of  the 
second  antenodal.  Prof.  F.  Foerster  has  also  noted  (Termesz.  Ftiz.  XXIII, 
p.  104,  1900)  an  instance  of  two  cubito-anal  cross-veins  in  Podopteryx. 

*^  The  type  male  has  three  antenodals  on  all  four  wings,  the  third  being  distal 
to  the  other  two  and  not  reaching  posteriorly  beyond  the  subcosta.  The  two- 
Queensland  examples  have  only  two  antenodals  on  all  the  wings.  The  type  male 
has  also  a  subcostal  cross-vem,  proximal  to  the  first  antenodal,  on  both  front 
wings  and  the  right  hind  wing;  this  is  lacking  in  the  Queensland  specimens. 

**  Slightly  distal  to  the  second  antenodal  on  the  two  wings  of  the  right  side  of 
the  Queensland  male.  This  is  an  appropriate  place  to  record  certain  abnormalities 
of  the  tjrpe  male,  already  mentioned  by  de  Selys  (1886);  three  of  its  wings  have 
each  a  single  meaio-cubital  cross-vein  which,  on  the  right  front  wing,  is  slightly 
proximal  to  the  level  of  the  normal  first  antenodal,  but  on  the  right  hind  wing 
and  left  front  wing  is  slightly  distal  to  the  normal  first  antenodal.  On  the  left 
hind  wing  there  is  merely  a  slight  rudiment  or  vestige  of  such  a  cross- vein  pro- 
jecting forward  as  a  stump  from  Cu  slightly  distad  to  the  level  of  the  first  ante- 
nodal. 
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14.  Ma  separates  from  Mi+a  at  .75  to  .83  of  the  distance  from  areulus 

to  subnodus. 

15.  Between  Ma  and  M4  is  (a)  only  one  cross-vein  proximal  to  the 

level  of  the  subnodus  and  (6)  one  row  of  cells  increasing  to 

9  to  11  rows  at  the  wing-margin. 
17a.  Between  M4  and  Cui  are  3+   to  5  antenodal  cells  (sensu 

Selysii). 
19,  Between  Cui  and  the  very  much  angulatedCui  is  one  row  of  cells. 
^20.  Area  posterior  to  Cui  with  many  branches  from  that  vein  and 

four  (front  wings)  or  five  (hind  wings)  rows  of  cells  between  it 

and  the  wing-margin. 

21.  Anal  vein  separates  from  the  hind  margin  (a)  at  or  slightly  distad 

to  the  level  of  the  areulus.  and  therefore  (6)  much  more  distad 
to  the  level  of  the  cubito-anal  cross-vein. 

22.  More  often  no  anal  cross-veins.** 

Comparison  of  Argiolestes  (icteromelas)  with  Phenacolestes. 
{A.  icteromelas  cf  9  ,  Victoria,  Australia.) 

These  two  forms  agree  in  the  characters  above  numbered  1,  3,  5, 
7,  8,  10,  11,  12,  14,  16,  18. 

These  two  forms  differ  in  the  characters  given  below;  after  each 
number  the  difference  shown  by  the  Argiolestes  is  stg^ted. 

2.  Only  two  antenodals. 

4.  Proximal  edge  of  pterostigma  nearly  as  in  Phenacolestes,  but  the 

distal  edge  much  more  oblique. 
6.  Longitudinal  veins  posterior  .to   Mi  with  a  stronger  caudal 

curvature  as  they  approach  the  margin. 
9.  M2  separates  from  Mi  at  four-tenths  to  one-half  of  the  distance 

from  nodus  to  stigma. 
13.  Areulus  at  or  slightly  distal  to  the  second  antenodal. 
15.  Between  Ms  and  M4  is  (a)  one  cross-vein  proximal  to  the  level 
of  the  subnodus,  and  (6)  at  the  wing-margin  are  8-10  (front 
wings)  or  6-8  (hind  wings)  rows  of  cells. 
17.  Between  Mi  and  Cui  are  (a)  three  (occasionally  four)  antenodal 
cells  and  (6)  at  the  wing-margin  are  two  to  three  rows  of  cells. 

19.  Between  Cui  and  Cuz  at  the  wing-margin  is  only  one  row  of  cells. 

20.  Area  posterior  to  Cu2  with  about  two  rows  of  cells. 

21.  Anal  vein  separating  from  the  hind  margin  distad  to  the  levels 

(a)  of  the  areulus,  and  (6)  of  the  cubito-anal  cross-vein. 
"22.  Anal  cross-vein  as  stated  above  for  Philogenia, 

**  There  is  an  anal  cross-vein  proximal  to  the  level  of  the  distal  end  of  the 
quadrilateral  in  the  right  front  and  right  hind  wings  of  the  Queensland  male  and 
in  the  right  front  and  left  hind  wings  of  the  female.  In  the  other  eight  wings, 
the  first  cross-vein  in  this  part  of  the  wing  is  at  or  slightly  distal  to  the  vein 
descending  from  the  distal  end  of  the  quadrilateral  and  therefore  should  perhaps 
not  be  called  an  anal  cross-vein,  l^ut  a  cross-vein  posterior  to  Cm.  It  has  been 
marked  Cuja  by  Mr.  WilUamson,  1913,  p.  260. 
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Comparison  of  Chlorolestes  (fasciatus)  with  Phenacolestes. 

(Ch,  fasciatuSf  2  cf  Natal,  1  cf  'Tine  Bush,  S.  Africa,  A,  N.  Stenning 
98-191";  all  3^^  in  the  British  Museum.) 

These  two  genera  agree  in  the  characters  above  numbered  5,  6, 
7,^   8,^7  9,«  10,*»  156,  16,  18,«^  and  22. 

These  two  genera  differ  in  the  characters  given  below;  after  each 
number  the  difference  shown  by  Chlorolestes  is  stated. 

1.  Nodus  at  four-fifteenths  (  =.27)  of  the  wing-length. 

2.  Onlytwoantenodals.*^^ 

3.  Postnodals  on  the  front  wings  22-23,  on  the  hind  wings  17-20. 

4.  Stigma  less  oblique. 

11.  R«  separates  one  to  two  cells  distad  to  the  subnodus,  but  in  all 

cases  nearer  to  Ma  than  to  Mi +2. 

12.  Between  R«  and  Ma  is  one  row  of  cells  which  may  increase  to  two 

rows  at  the  extreme  margin,  symmetrically  or  asymmetrically. 

13.  Arculus  at  the  second  antenodal. 

14.  Ma  separating  from  Mi+a  at  the  subnodus. 

15a.  Between  Ma  and  M4  are  no  cross-veins  proximal  to  the  level  of 
the  subnodus,  the  first  cross-vein  being  very  nearly  at,  but 
still  slightly  distal  to,  the  level  of  the  subnodus. 

17.  Between  M4  and  Cui  are  (a)  two  to  three  antenodal  cells  {sensu 
Selysii)  and  (6)  one  row  of  cells  to  the  wing-margin. 

19.  Between  Cui  and  Cua  is  one  row  of  cells  to  the  wing-margin. 

20.  Area  posterior  to  Cua  with  only  one  row  of  cells. 

21.  Anal  vein  separating  from  the  hind  wing-margin  at,  or  slightly 

distal  to,  the  level  of  the  middle  of  the  lower  side  of  the  quadri- 
lateral, therefore  far  distad  (a)  to  the  level  of  the  arculus  and 
(6)  to  that  of  the  cubito-anal  cross-vein. 

Various  Old  World  Genera  and  Phenacolestes. 
The  genus  Wahnesia  Forster,  of  New  Guinea,  has  the  area  posterior 
to  Cua  fairly  well  developed,  but  not  to  the  extent  that  it  is  in  Phena" 
colestes,  but  as  this  genus  differs  from  Phenacolestes  in  a  number  of 
characters,  such  as  Nos.  2,  9,  11,  13,  14,  21,  22,  a  more  detailed 
comparison  has  not  been  made. 

**  These  three  males  have  a  brown  band  for  the  full  width  of  the  wing  from  the 
origin  of  M2  distad  to  half-way  from  this  point  to  the  proximal  end  of  the  stigma. 

^  Occasionally  increasing  to  two  rows  at  the  extreme  margin. 

^  Each  one  of  the  three  rows  may  divide,  however,  into  two  rows  at  the  extreme 
margin. 

<*  Ma  separates  from  Mi  at  .28  to  .33  of  the  distance  from  nodus  to  stigma. 

^At  the  extreme  margin  there  are  5-7* rows,  however;  but  compare  p.  229, 
antea. 

w  The  cubito-anal  cross-vein  is  nearer  to  the  level  of  the  first  than  to  that  of 
the  second  antenodal. 

*i  One  of  the  Natal  males  has  on  the  right  hlhd  wing  an  additional  antenodal 
proximal  to  the  normal  first  and  confined  to  the  costal  area. 
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None  of  the  following  Old  World  genera  seem  to  offer  any  close 
approximations  to  Phenacolestes  and  therefore  have  not  been  studied 
further  in  this  connection:  Neurolestes  Selys,  Nesoki^tes  Selys, 
Podolestes  Selys  and  Synlestes  Selys.  It  may  be  noted,  however, 
that  in  Neurolestes  trinervis  Selys,  from  Old  Calabar,  the  three 
antenodals  are  so  arranged  that  the  arculus  is  at  the  third  antenodal 
on  all  four  wings. 

General  Discussion  of  the  Value  of  the  Venational  Charac- 
ters COMPARED   in  THE   PRECEDING  GeNERA  FOR  THE 

Determination  of  Relationships. 

Many  of  the  ideas  which  have  been  expressed  on  the  changes 
which  have  taken  place  in  the  venation  of  Odonate  wings  have  been 
based  on  the  comparative  morphology  of  living  representatives  of 
the  order  or  on  considerations  of  mechanical  advantage.  It  does 
not  follow  that  these  foundations  are  trustworthy  or  that  there  has 
always  been  mechanical  improvement  in  the  wings.  Degeneration 
is  just  as  probable  as  progressive  development.  The  actual  course 
of  phylogeny  cannot  be  deduced  from  these  considerations  or  from 
the  data  of  morphology.  It  seems  therefore  desirable  to  attempt  to 
ascertain  what  paleontological  evidence  exists  affording  clues  to  the 
descent  of  these  insects,  by  tracing  the  modifications  which  the  wings 
exhibit  from  the  Carboniferous  period  down  to  the  present  time. 

The  characters  of  Phenacolestes  and  other  genera  which  have  been 
compared  in  the  preceding  pages  under  the  numbers  1  to  22  may  for 
the  most  part  be  arranged  into  two  groups: 

A.  Those  characters  which  are  concerned  with  the  positions  of 
the  points  of  separation  of  longitudinal  veins  and  the  positions  and 
number  of  certain  cross-veins. 

B*  Those  characters  which  are  concerned  with  the  number  of  rows 
of  cells  existing  between  the  longitudinal  veins  and  their  branches. 

Group  A  includes  numbers  1,  2,  3,  4,  9,  11,  13,  14,  15a,  16,  I7a^ 
18,  21,  and  22. 

1.  The  Position  of  the  Nodtis. — Th^  Protodonata  of  the  Carbonifer-^ 
ous  and  the  Permian  possessed  no  nodus;  their  subcosta  (whose  apex 
in  the  Odonata  usually  coincides  with  the  nodus)  reached  often  beyond 
mid-length  of  the  wing,  its  minimal  extent  being  to  four-tenths  of 
the  wing-length   in  Meganeurula   (Handlirsch*^).    The   earliest   of 


»» FoM.  Ins.,  p.  309,  Taf.  XXXI,  figs.  37,  38. 
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the  known  Odonata,  from  the  Lias,  have  been  segregated  by  Hand- 
lirsch  as  a  suborder,  distinct  from  the  existing  Zygoptera  and  Anisop- 
tera,  under  the  name  Anisozygoptera.^'  These  insects  usually 
possessed  a  nodus  which  lay  at  about  mid-length  of  the  wing.  Hand- 
lirsch  considers**  that,  of  the  recent  forms,  the  Gomphidse  and 
Calopterygidse  have  unquestionably  the  closest  relations  to  the 
Anisozygoptera  and  are  probably  direct  descendants  thereof.  The 
Agrioninae  of  Selys  have  usually  been  looked  on  as  descendants  of 
Calopterygid(or  -gine)-like  forms.**  The  position  of  the  nodus  in 
CalopteryginjB  and  in  Agrioninae,  respectively,  has  been  stated  as 
follows: 

"The  position  of  the  nodus  varies  in  both  the  Calopteryginae  and 
the  Agrioninae,  but  in  general  it  is  farther  from  the  base  of  the  wing 
in  the  former  than  in  the  latter.  Among  the  first-named  it  is  probably 
nearest  the  base  (one-third  the  wing-length)  in  Amphipteryx  and  in 
Chalcopteryx,^  among  the  second  group  it  is  farthest  from  the  base 
(more  than  one-third  the  wing-length)  in  Archilestes,  No  Calop- 
teryginae have  the  nodus  as  near  to  the  base  as  one-fifth  the  wing- 
length,  but  many  Agrioninae  have  it  in  that  position. ''" 

This  statement  was  based  on  conditions  existing  in  recent  forms. 
Very  little  is  known  of  fossil  Zygoptera  of  periods  earlier  than  the 
Eocene*^  when  Dysagrion  and  fragments  named  Podagrion  abortivum 
by  Scudder  appear.  From  the  Jurassic,  Handlirsch  lists**  EuphcBopsis 
muUinervis  Hagen,  in  fair  preservation,  and  four  possible  but  inde- 
cipherable species  of  Pseudoexiphoea^  all  considered  to  be  allied  to  the 
living  Epallage^  Euphcea^  etc.,  i.e.,  Calopteryginae  of  Selys.  Euphce- 
opsis  muUinervis  had  the  nodus  at  .44  of  the  wing-length.  Another 
fossil  of  the  same  age  is  Steleopteron  deichmillleri  placed  by  Handlirsch 
in  a  separate  family  Steleopteridae,  which  is  considered  to  possess 


"  L.C.J  p.  463,  August,  1906. 

"  L.c.y  p.  464. 

"Calvert,  Trans.  Amer.  Ent.  Soc,  XX,  pp.  211,  212,  1893;  Ris,  Zool  Jahrb., 
Ablh.  Syst.  Geog.  Biol.  Thiere,  IX,  p.  623,  1896. 

Cf.  Needham,  Genealogic  Study ^  pp.  742,  748,  750,  1903;  Handlirsch,  Foss. 
Ins.,  p.  472,  1906;  Tillyard,  Proc.  Linn.  Soc.  N.  S.  Wales,  XXXVI,  p.  600,  1912; 
XXXVII,  p.  406,  1913. 

^  In  Chalcopteryx  the  nodus  is  at  .37  (front  wing)  or  .39  (hind  wing)  of  the 
wing-length. 

w  Calvert,  Ent.  Mo.  Mag.,  (2),  XIII,  p.  31,  1902. 

w  Osborn,  The  Age  of  Mammals^  1910,  p.  42,  places  the  Green  River  shales  in 
which  these  genera  occur  as  equivalent  to  the  Upper  Ypresian,  i.e.,  Middle  Eocene. 

»  Fossik  Insekten,  pp.  595  et  seq. 
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both  Epallagid  (Calopterygine)  and  Agrionine  aflSnities.  It  had  the 
nodus  at  only  three-tenths  of  the  wing-length.*^ 

No  Cretaceous  Zygoptera  are  listed  by  Handlirsch. 

No  ontogenetic  data  showing  a  proximal  shifting  in  position  of  the 
nodus  in  any  Zygopteron  seem  to  have  been  published.  If  the 
evidence  that  may  be  drawn  from  the  hypothetical  descent  of 
Agrioninae  (Selys)  from  Calopteryginae  (Selys)  be  left  out  of  con- 
sideration, there  yet  appears  to  be  good  paleontological  support, 
as  sketched  above,  for  the  statement  of  Needham'^  that  shortening 
of  the  subcosta  and  retraction  of  the  nodus  toward  the  base  of  the 
wing  is  a  developmental  tendency  away  from  the  generalized  con- 
dition of  a  long  subcosta  and  a  nodus  remote  from  the  wing-base. 
Yet  it  must  be  pointed  that  an  upper  Liassic  fossil  is  known  in 
which  the  subcosta  ends  at  only  .15  of  the  wing-length.  This  is 
Protomyrmeleon  brunonis  Geinitz,  for  which  Handlirsch  has  erected 
the  suborder  Archi-Zygoptera  and  which  he  even  suggests^  may  have 
been  a  connecting  link  between  the  Protodonata  and  the  Agrionidae 
(  =  Agrioninae  Selys).  Should  such  an  ancestry  for  the  latter  group 
ever  be  demonstrated,  the  retraction  of  the  nodus  in  living  Odonata 
could  not  have  the  same  significance,  as  a  sign  of  specialization,  which 
Needham  has  given  it.  The  alternative  suggestion  of  Handlirsch, 
that  Protomyrmeleon  is  simply  an  analogue  to  the  Agrionidae  {Agri- 
oninae  Selys)  whose  descendants  have  become  extinct,  seems  at 
present  the  more  probable. 

2.  The  Number  of  Antenodal  Cross-veins. — A  priori  one  might  expect 
retraction  of  the  nodus  to  be  accompanied  by  a  decrease  in  the 
number  of  antenodal  cross-veins.  No  such  proportional  reduction 
exists,  however.  The  two  Calopterygine  genera  cited  on  p.  246  anted 
as  having  the  most  retracted  nodus  in  that  whole  group,  Chalcopteryx 

•  Still  another  Jurassic  (Eichstadt)  fossil  is  the  Agrion  eichaUUienae  of  Hagen, 
listed  by  Handlirsch  as  Malmagrion  eichstattenae  {Foss.  Ins.,  p.  599).  Hagen 
savs  of  it  {Paleontographicay  X,  p.  119,  1862):  "Die  Fltigel  sind  21  mm.  lang, 
senr  schmal  ....  Der  Nodus  liegt  6  mm.  von  der  Basis.  Das  Geader  ist 
nicht  deutlich. "  His  lithographic  figure  5,  Taf .  XIV,  agrees  with  these  propor- 
tions. 

Meunier  {Ann.  Soc.  Eni.  France,  LXV,  pi.  3,  1896)  has  ^ven  a  figure  labelled 
"Agrion?  eichstattense  Hagen  type."  It  is  photographic  and  represents  an 
insect  lying  in  the  same  position  as  that  of  Hagen's  figure  and  of  the  same 
natural  size.  From  Meimier's  figure  the  position  of  the  nodus  cannot  be  recog- 
nized. In  his  text  Meunier  says,  p.  131,  Agrion  eichstdttense  Hagen.  No.  150. 
Type  de  cet  auteur.  Paleontographica,  t.  x,  p.  118  ^  119,  pi.  XIV;  Cassel, 
1862."  I  cannot  understand  his  expression  a  few  lines  farther  in  the  same 
paragraph:    "Cette  ^chantillon  a  beaucoup  d'analogie  avec  celui  de  Hagen." 

«  Genealogic  Study,  p.  730. 

«  Fosa,  Ins.,  p.  472. 
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and  AmphipteryXy  have  respectively  23-26  (front  wing),  21-23  (hind 
wing),  and  7-10  (front  wing),  7-8  (hind  wing)  antenodals.  The 
paleontological  evidence  (with  the  exception  of  Protomyrmeleonj 
which  has  but  one  antenodal),  including  Steleopteron,  is  favorable  to 
the  view  that  reduction  in  the  number  of  antenodals  is  a  more  recent 
acquisition.  The  preceding  paper  by  Mr.  Campion*®  discusses  in  a 
suggestive  way  the  apparent  evidence  for  such  reduction  afforded 
by  recent  Agrioninae. 

3.  The  Number  of  Postnodal  Cross-veins, — Prof.  Needham  has 
concluded"  that  one  of  the  developmental  tendencies  of  the  Odonata 
is:  '* Antenodal  and  postnodal  cross- veins  becoming  reduced  in 
number,  stronger,  more  regular,  sometimes  matched  in  position  or 
differentiated  among  themselves.^'  In  the  Zygoptera  this  tendency 
is  more  evident  in  the  antenodals  than  in  the  postnodals,  the  latter 
never  becoming  so  few,  absolutely,  or  relatively  to  the  antenodals, 
as  in  certain  Anisoptera,  e.g,y  Pachydiplax  (front  wing:  antenodals  6, 
postnodals  6)  or  Miaihyria  simplex  (front  wing:  antenodals  7,  post- 
nodals 5). 

In  the  Protodonata,  owing  to  the  great  extension  of  the  subcosta 
toward  the  apex  of  the  wing,  although  there  was  no  nodus,  the 
potential  postnodals  were  less  numerous  than  the  actual  antenodals, 
assuming  that  the  nodus  of  the  Odonata  developed  at,  or  but  little 
proximad  to,  the  apex  of  the  subcosta.  With  retraction  of  the  nodus 
a  greater  number  of  postnodals  in  the  costal  space  became  possible. 
Numerous  cases  of  subsequent  reduction  in  the  number  doubtless 
occurred  independently  of  each  other,  but  the  paleontological  data 
are  not  sufficiently  abundant  to  demonstrate  progressive  reduction 
in  any  one  line  of  descent,  however  likely  this  may  appear  from  the 
standpoint  of  mechanical  advantage  or  of  economy  of  vein-forming 
material. 

4.  The  Pterostigma. — The  stigma  is  an  Odonate  feature  not  pos- 
sessed by  the  Protodonata.  In  those  Anisozygoptera,  which  are 
considered  by  Handlirsch^  to  be  ancestral  to  the  Calopterygidae, 
viz.,  the  Tarsophlebiidae,  the  stigma  was  fairly  oblique  and  in  one 
species  at  least  braced  at  its  proximal  end.^ 

In  EuphceopsiSy  of  the  Jurassic,  the  stigma  is  not  oblique;  in 


«  The  Antenodal  Reticulation  of  the  Wings  of  Agrionine  Dragonflies.     This 
volume  of  these  Proceedinx3s,  antedy  pp.  220-224. 
•*  Genealogic  Study,  p.  730. 
«  Foss.  his.y  p.  468. 
««  Tarsophleina  eximia  of  the  Jurassic;  Handlirsch,  I.e.,  Taf.  XLVII,  fig.  1. 
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SteleopteroTiy  also  of  the  same  age,  its  proximal  edge  is  not  as  oblique 
as  in  Tarsophlebia  eximia  and  unbraced  while  its  distal  edge  is  more 
oblique.  So  far  as  one  may  judge  from  Handlirsch's  figures^  of 
Liassic  Odonata  the  stigma  was  not  oblique,  or  but  moderately  so, 
and  unbraced;  the  forms  in  which  it  is  preserved,  however,  seem  to 
have  but  little  relationship  to  the  insects  discussed  in  this  paper. 
The  paleontological  evidence,  therefore,  furnishes  little  encouragement 
to  use  the  stigma  as  a  means  of  determining  relationships.^  It  is 
important  to  notice,  however,  from  the  accompanying  Table  I, 
that  the  position  of  the  stigma  in  the  wing  varies  but  little  in  different 
genera  and  species',  so  that  it  constitutes  a  relatively  fixed  landmark. 

9, 11.  The  Points  of  Separation  of  M2  from  Ml  and  of  Rs  from  Mi-\-2, — 
Prof.  Needham  has  noted®®  a  minor  line  of  development  within  the 
Agrioninae,  **in  which  nodus  and  quadrangle  become  more  and  more 
approximate,  and  the  veins  M2,  R«,  and  Ms  migrate  separately  along 
vein  Ml  from  their  accustomed  places  toward  the  stigma."  This 
migration  may  be  real  or  apparent.  Retraction  of  the  nodus  with 
no  change  in  position  of  the  separation  point  of  M2  would  result  in  a 
greater  interval  between  nodus  and  M2  and  hence  an  apparent 
movement  of  the  latter  toward  the  stigma,  but  no  real  movement 
in  respect  to  the  wing  as  a  whole.  (Compare  Table  I,  Thaumxtto- 
neura,  Rhipidolestes  and  Paraphlebia  zoe  cf .) 

Real  migration  is  where  the  separation-point  of  M2  is  transferred 
distad  considered  in  relation  to  the  total  wing-length,  and  may  or 
may  not  be  accompanied  by  a  change  in  the  position  of  the  nodus. 
(Compare  Table  I,  Perilestes  and  Dysagriony  and  PerilesteSy  Argio- 
lestes  ideromelas  9  and  Melanagrion,)  These  remarks  will  also 
apply  to  characters  11  (the  separation-point  of  R»,  including  its 
bridge  where  it  exists,  from  M1+2),  14  (the  separation-point  of  Mi 
from  Mn-2),  15a  (the  number  of  cross-veins  proximal  to  the  level  of 
the  subnodus  between  Ms  and  M4)  and  17a  (the  number  of  antenodal 
cells  between  M 4  and  Cui).  In  the  preceding  pp.  228-244,  the  state- 
ments for  these  characters  have  been  made  with  reference,  not  to  the 
wing-length,  but  to  certain  more  or  less  varying  landmarks,  as  the 
arculus,  nodus,  or  stigma;  this  course  has  been  in  conformity  with 
the  established  custom  of  descriptive  writers. 


«  L.c,  Taf.  XLII. 

•  Cf.  Needham,  Genealogic  Study ,  pp.  710  at  top  and  730  at  bottom. 

•  L.c,  p.  749. 
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Table  I. 

Positions  of  Certain  Wing-details  in  Decimal  Parts  of  Wing-length  for 

Certain  Odonata. 

The  measurementjs  have  been  made  from  a  single  wing  only  in  each  species 
(front  wing  in  living  species). 


TO  The  number  in  parenthesis  at  the  top  of  each  vertical  column  is  that  under 
which  that  character  has  been  treated  throughout  this  paper, 
n  In  Protomyrmdeon  hrunonis  Mi  separates  from  Rt, 
»  A  not  developed  as  a  vein  separate  from  the  hind  margin. 
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The  paleontological  evidence  with  reference  to  the  separation- 
points  of  M2,  R«  and  Ms  is  that  the  Liassic  fossils  (with  the  exception 
of  Protomyrmeleon)  had  M2  separating  at  the  subnodus,  and  Rt 
(including  its  bridge)  and  Ms  proximad  to  the  nodus  ;^  none  of  these 
fossils  which  have  the  nodal  region  preserved  are  considered  by 
Handlirsch  to  be  ancestral  to  Zygoptera,  however.  For  many  of 
the  Jurassic  remains^*  the  same  statement  as  to  the  positions  of  these 
separation-points  holds  true,  including  Tarsophlebia  eximia  and 
Euphoeopsis  muUinervis;  Steleopteron  had  Rt  and  Ms  arising  well 
proximad  to  the  nodus,  M2  only  a  short  distance  distad  to  the  nodus; 
Palceophlebia  syrdestoides^  which  Brauer,  Redtenbacher  and  Gangl- 
bauer  assigned  to  the  legion  Podagrion  of  Selys^^  but  which  Hand- 
lirsch regards  as  an  Anisozygopter  of  doubtful  position,^^  is  imperfectly 
preserved,  but  seems  to  have  had  the  origins  of  both  Rt  and  M2 
distinctly  distal  to  the  nodus,  while  that  of  Ms  was  probably  proximal 
to  the  nodus.  Paleophlebia  came  from  the  Dogger,  or  lower  Jurassic, 
of  Siberia,  and  is  therefore  older  than  the  other  Jurassic  fossils  just 
referred  to,  all  of  which  are  Malm  or  Upper  Jura.  The  paleontological 
evidence  is  consequently  not  altogether  satisfactory  and  at  least 
admits  of  the  possibility  of  the  separation-points  of  these  three  veins 
having  fluctuated  proximad  or  distad  from  time  to  time.  Prof. 
Needham's  statement  as  to  their  migration,  quoted  above,  has  not 
that  evidence  from  other  sources  than  comparative  morphology 
which  is  necessary  to  enable  us  to  use  these  characters  with  perfect 
confidence. 

13 .  The  position  of  the  arculvs  has  been  relatively  stable,  so  that  there 
is  little  reason  for  attaching  any  special  phylogenetic  value  to  it. 

14.  The  Point  of  Separation  of  Mz  from  Af  1+2. — (See  the  discussion 
above  under  Nos.  9,  11.) 

15a.  The  Number  of  Cross-veins,  Proximal  to  the  Level  of  the  Sub- 
noduSy  between  Mz  and  M*, — ^This  character  is  closely  dependent  on 
No.  14,  for  the  more  proximal  is  the  separation-point  of  Ms  from  M1+2, 
the  greater  is  the  area  available  for  these  cross-veins.  In  the  genera 
here  compared  the  greatest  number  of  cross-veins,  two,  is  found  in 
PhenacolesteSy  Lithagrion,  and  Melanagrion,  all  of  which  have  a  more 
proximal  origin  of  Ms.  The  reverse  case  is  not  necessarily  true,  as 
Philogenia,  Allopodagrion,  and  Dysagrion,  with  an  equally  proximal 

"  Handlirsch,  Foss,  Ins,,  Taf.  XLII. 

•'^L.c.,  Taf.  XLVII. 

w  Mem.  Acad.  Imp.  Sci.  St.  Petersh.,  (7),  XXXVI,  p.  6,  1889. 

"^  Foss.  Ins.,  p.  584. 


Digitized  by  VjOOQIC 


252  PROCEEDINGS  OF  THE   ACADEMY   Or  [May, 

origin  of  Ma  (see  Table  I),  have  but  one  such  cross-vein.  Tarsophlebia 
eximia  had  five  in  its  hind  wing  (these  veins  are  not  preserved  in  the 
front  wing)  and  Steleopteron  had  two. 

16.  The  Obliquity  of  the  Quadrilateral. — The  shape  of  the  quadri- 
lateral becomes  more  oblique  with  the  greater  divergence  of  its 
proximal  and  distal  sides.  Prof.  Needham  has  assumed^  that  a 
nearly  rectangular  quadrilateral,  in  which  opposite  sides  are  parallel 
to  each  other,  is  the  more  primitive  form  and  that  from  it  at  least 
two  kinds  of  oblique  quadrilaterals  have  arisen.  There  seems  to  be 
no  published  ontogenetic  evidence  in  favor  of  this  view  and  the  only 
paleontological  evidence  not  contradicting  it  is  limited  to  that 
puzzling  Liassic  form,  Protomyrmeleon,  in  which,  if  Handlirsch's 
interpretation  of  the  venation  be  correct,^  R  and  M  are  still  distmct 
from  the  base  distad,  and  there  is  no  trace  of  a  beginning  arculus. 

On  the  other  hand,  all  the  Jurassic  fossils,  which  are  not  clearly 
Anisoptera,  show  an  oblique  quadrilateral  with  its  posterior  distal 
angle  acute.^^  This  holds  true  not  only  for  those  fossils  referred  by 
Handlirsch  to  the  Zygoptera  like  Euphoeopsis  and  Steleopteron^  or 
for  forms  regarded  by  him  as  ancestral  to  Zygoptera,  as  Tarsophlebia 
(and  including  a  Liassic  fragment,  T.  westwoodi^),  but  also  for  other 
Anisozygoptera  not  apparently  forefathers  of  the  Zygoptera,  as 
StenophlebiOj  Isophlebia,  and  Anisophlebia.  Dysagrion  of  the  Ek)cene 
had  an  oblique  quadrilateral,  and  in  fact  not  one  of  the  published 
descriptions  and  figures  of  Tertiary  Zygoptera  listed  byHandlirsch^^ 
shows  a  rectangular  quadrilateral;   all  have  it  oblique. 

It  therefore  seems  necessary  to  regard  the  oblique  quadrilateral 
as  the  more  primitive  and  the  rectangular  as  a  later  appearance. 


"^Genealogic  Study,  p.  717,  fig.  11,  p.  731.  See  also  Williamson,  1913,  p.  259, 
and  figs.  1  and  2  on  p.  260. 

«  Foss.  Ins.,  Taf.  XLII,  fig.  14. 

7»L.c..  Taf.  XLVII.  Hagen,  indeed  (Paleoniographica,  X,  Taf.  VIII,  f.  8), 
shows  the  quadrilateral  of  the  Jurassic  Euphwa  longiveyitris  as  rectangular.  In 
his  description,  p.  123,  he  says,  **Noch  undeutlicher  ist  der  iibrige  Theil  des 
Geaders  ....  das  Viereck  ist  gleichfalls  undeutlich,"  and  he  gives  no  details 
of  its  shape.  Meunier's  photographic  reproductions  (Arch.  M\i8.  Teyler,  2,  VI, 
pi.  XXVI,  figs.  81,  82,  cf.  p.  127),  not  of  Hagen's  type,  but  of  other  specimens  in 
the  Munich  Museum,  show  the  shape  of  the  quadrilateral  as  indecipherable. 
Handlirsch  (Fossil  Ins.,  p.  580)  places  Euphwa  longiventris  Hagen  as  a  synonym 
of  Tarsophlebia  eximia  Hagen  and  remarks,  "BezUglich  Hagens  Euphaea  longi- 
nentris  [longiventris]  habe  ich  zu  bemerken,  dass  der  von  ihm  1. 13  f.  8  abgebildete 
Fliigel  allerdings  von  jenem  der  Tarsophlebien  wesentlich  abweicht.  Aus  der 
Beschreibung  ergibt  sich  jedoch,  dass  die  basale  Partie  des  Fliigel^  an  dem 
Fossile  kaum  zu  entziffem  ist,  so  dass  wir  diese  Reconstrucktion  als  werthlos 
betrachten  konnen." 

»  Foss.  Ins.,  Taf.  XLII,  fig.  6. 

^^L.c,  pp.  896-899,  1357. 
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17a.  The  Number  of  Antenodal  Cells  between  Ma  and  Cui. — This 
character  is  in  general  dependent  on  the  degree  of  retraction  of  the 
nodus,  as  the  more  the  nodus  approaches  the  base  of  the  wing  the 
smaller  is  the  area  available  for  these  cells.  This  correlation,  although 
not  absolute  and  exact  in  the  genera  here  compared,  holds  in  a  rough 
way.  We  may  therefore  regard  reduction  in  the  number  of  antenodal 
cells  as  a  specialization.  There  appear  to  have  been  12  on  the  front 
wing,  13  on  the  hind  wing  of  Tarsophlebia  eximia  (counting  only  a 
single  row — there  are  two  rows  in  part  of  this  area),  almost  three  in 
Steleopteron,  A  reduction  in  the  number  of  antenodal  cells  may  occur 
independently  of  retraction  of  the  nodus,  however,  by  the  greater 
development  of  the  quadrilateral  distad.  (Compare  Table  I, 
Thaumatoneura  and  Paraphlebia,  also  pp.  233,  237  anted,) 

18.  The  Number  of  Cubito-anal  Cross-veins. — These  veins  are  usually 
small  and  weak  in  the  Zygoptera,  and  thej^  have  not  been  preserved 
well  in  the  fossils,  so  that  few  data  on  their  development  in  point  of 
geologic  time  are  available.  Perhaps  the  same  kind  of  evidence 
which  Mr.  Campion  has  secured^  for  the  reduction  of  the  antenodals 
might  be  obtained  for  these  cross-veins  also.  It  is  conceivable  that 
the  ancestral  Zygopteron  might  have  had  a  moderate  number  and 
that  some  of  its  descendants  might  have  acquired  more,  others  fewer. 
While  recognizing  the  paucity  of  evidence,  I  am  inclined  to  view 
reduction  in  their  number  as  specialization,  in  harmony  with  the 
reduction  of  antenodals. 

21.  P etiolation  of  the  Wing, — When  the  anal  vein  (A)  separates 
from  the  hind  margin  of  the  wing  at  some  distance  from  the  base,  a 
stalk-like  appearance  of  the  wing-base  is  produced,  especially  on  the 
hind  margin,  to  which  the  term  *'p6tiol6e''  was  long  ago  applied  by 
de  Selys.  Petiolation  involves  a  reduction  of  the  anal  area  and  is 
specifically  mentioned  by  Prof.  Needham^  as  a  fundamental  develop- 
mental tendency  in  the  Agrionidse  (  =  Agrionin8e  Selys).  It  is  not 
visible  in  Protomyrmeleon  (Lias);  in  Tarsophlebia j  Stenophlebia, 
Isophlebiay  or  Anisophlebia  (Jura).  It  seems  to  have  been  well- 
marked  in  Steleopteron^  while  the  shape  of  the  wing-outline  certainly 
suggests  it  in  EuphceopsiSj  although  here  A  may  have  remained  dis- 
tinct from  the  hind  margin.^  It  seems  justifiable  to  assume  that  the 
farther  distad  petiolation  has  progressed,  the  more  specialized  the 
insect. 


«  These  Proceedings,  p.  22S,ant€ct. 

^Genealoffic  Study,  p.  748.     Cf.  Ris,  1912,  p.  45;  Tillvard,  1913,  p.  444. 

M  Handlirsch,  Foss.  Ins.,  Taf .  XLVII. 


Digitized  by  VjOOQIC 


254  PROCEEDINGS  OF  THE  ACADEMY  OP  [May, 

22.  The  Number  of  Anal  Cross-veins. — Progressive  petiolation 
reduces  the  area  available  for  anal  cross-veins,  but  not  always  to  the 
extent  one  might  expect.  Thus  of  American  genera  discussed  in  this 
paper  which  have  the  petiolation  extending  distad  to  the  arculus, 
Paraphlebia  has  2,  Philogenia  0,  Dimeragrion  1  or  0,  Ldthagrion  0 
anal  cross-veins.  Calopteryginse  (Selys)  have  on  the  whole  more 
anal  cross-veins  than  do  the  Agrioninse  Selys.  If  the  latter  are 
descendants  of  some  of  the  former  and  if  Tarsophlebia  stands  in  an 
ancestral  position  to  the  Zygoptera,  then  we  may  consider  reduc- 
tion in  number  of  the  anal  cross-veins  as  a  specialization.  Proto- 
myrmeleon,  Tarsophlebia,  Isophlebia,  and  Anisophlebia  each  had  not 
less  than  four  anal  cross-veins,  some  of  them  many  more.  In 
EuphcBopsis  they  are  not  preserved,  in  SteUopteron  they  appear  to 
have  been  present  only  distad  to  the  level  of  the  outer  (distal)  end 
of  the  quadrilateral. 

B.  The  characters  included  imder  group  B  on  p.  245,  anted,  are 
Nos.  7,  8,  10,  12,  156, 176, 19,  and  20.  In  the  comparisons  made  in 
the  early  pages  of  this  paper,  these  characters  have  been  stated  in 
terms  of  numbers  of  rows  of  cells  found  between  the  branches  of  the 
great  veins.  They  may  be  stated  also  by  specifying  the  number  of 
interposed,  or  supplementary,  sectors  in  each  area,  and  have  usually 
been  so  stated  in  the  taxonomic  literature.  It  is  easy  to  translate 
one  method  of  statement  into  the  other,  as  one  row  of  cells  implies 
no  supplementary  sector,  two  rows  of  cells  one  supplementary  sector, 
three  rows  two  sectors,  etc.  The  individual  variation  to  which  they 
are  subject  increases  as  the  hind  margin  of  the  wing  is  approached. 

The  Protodonate  wing  of  the  Carboniferous  and  the  Permian  was 
richly  veined  with  many  supplementary  sectors.  So  also  were  the 
Odonate  wings  of  the  Lias,  excepting  Protomyrmeleon;  if  Handlirsch's 
interpretation  of  its  venation  be  correct,^  there  was  but  one  row  of 
cells  between  each  of  the  branches  of  the  main  veins,  except  between 
Rt  and  Ms  (two  rows  increasing  to  three).  Ma  and  M*  (two  rows), 
M4  and  Cui  (two  rowg),  and  posterior  to  A  (two  rows). 

Turning  to  the  Odonata  of  the  Jura,^  we  find  richly  veined  wings 
in  the  Anisozygoptera  {Tarsophlebia,  Stenophlebia,  Isophlebia, 
Anisophlebia),  and  in  Euphceopsis;  Steleopteron  has  one  row  of  cells 
between  Mi  and  Mio,  Mia  and  M2,  M2  and  R»,  Ms  and  M4,  and  be- 
tween the  veins  posterior  to  Cui,  three  rows  between  R«  and  Ms,  two 
rows  between  M*  and  Cui. 

»  F0S8.  Ins.,  Taf .  XLII,  fig.  14. 

M  Handlirsch,  Foss.  Ins.,  Taf.  XLVII. 
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If  Handlirsch  be  correct  in  his  conjecture^  that  the  Protodonata 
have  descended  from  such  genera  of  the  Dictyoneuridse  (Palseodic- 
tyoptera)  as  Stenodictya,  the  dense  venation  of  the  former  evolved 
from  the  equally  dense,  but  more  irregular,  network  of  the  latter. 
The  Odonata  then  carried  reduction  in  the  network  to  a  greater 
degree  than  in  the  Protodonata  and  reduction  in  the  rows  of  cells 
of  the  areas  now  under  discussion  would,  therefore,  be  a  specializa- 
tion. We  must  then  recognize  that  as  early  as  the  Lias  such  reduc- 
tion was  carried  in  Protomyrmeleon  to  a  greater  degree  than  is  shown 
by  many  living  genera  and  a  similar  statement  must  be  made  for 
Steleopteron  of  the  Jura.  That  any  of  these  reduced  venations  were 
capable  of  giving  rise  to  more  exuberantly  veined  descendants  would 
be  denied  by  many  phylogenists,  but  the  actual  proof  of  such  a 
denial  is  not  at  hand  for  the  Odonata.  We  have,  therefore,  only  the 
general  tendency  to  guide  us  when  we  assume  that  reduction  in  density 
of  venation  in  the  characters  of  group  B  means  specialization.  On 
the  other  hand,  we  must  suppose  that  such  richly  veined  forms 
of  the  present  day  as  Thaumatoneura,  Calopteryx,  ThorCj  and  Neuro- 
themis  have  either  preserved  the  dense  venation  of,  perhaps  Mesozoic, 
ancestors  or  that  they  have  acquired  their  density  by  hypertrophy 
in  the  course  of  generations.^  Here,  as  elsewhere  in  this  discussion, 
the  possibility  of  further  light  from  ontogenetic  studies  is  very 
evident. 

Summarizing  the  results  of  this  discussion,  we  conclude  that 
later  phylogenetic  status  is  denoted  by  the  following  conditions  in 
the  characters  of  the  genera  compared  in  this  paper: 

1.  Retraction  of  the  nodus  toward  the  wing-base. 

2.  Reduction  in  the  nimiber  of  antenodals. 
(3.  Reduction  in  the  number  of  postnodals.) 

(7.  Reduction  in  the  number  of  rows  of  cells  between  Mi  and 

Mia.) 

(8.  Reduction  in  the  number  of  rows  of  cells  between  Mia  and  M2.) 

9.  More  distal  position  of  origin  of  M2. 

(10.  Reduction  in  the  number  of  rows  of  cells  between  M2  and  Ri.) 
11.  More  distal  position  of  origin  of  Ri. 

(12.  Reduction  in  the  number  of  rows  of  ceUs  between  R«  and  Ms.) 
14.  More  distal  position  of  origin  of  Ms. 

15a.  Reduction  in  number  of  cross-veins  proximal  to  the  subnodus 
between  Ms  and  M4. 

w  L.c,  p.  305. 

»  The  latter  alternative  is  apparently  that  held  by  Dr.  Ris  for  the  analogous 
cases  of  Pantala  and  Tramea.    1912,  p.  46. 
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(156.  Reduction  in  the  number  of  rows  of  cells  between  Ma  and  M4.) 

16.  Rectangular  quadrilateral. 

17a.  Reduction  in  the  number  of  antenodal  cells  between  M4  and 

Cui. 
(176.  Reduction  in  the  number  of  rows  of  cells  between  M4  and  Cui.) 
(18.  Reduction  in  the  number  of  cubito-anal  cross-veins.) 
(19.  Reduction  in  the  number  of  rows  of  cells  between  Cui  and  Cu2.) 
(20.  Reduction  in  the  number  of  rows  of  cells  p>osterior  to  Cus*) 
21 .  More  distal  petiolation  of  the  wing. 
(22.  Reduction  in  the  number  of  anal  cross-veins.) 

I  have  endeavored  to  indicate  that  the  paleontological  evidence 
is  not  as  strong  for  some  of  these  statements,  by  enclosing  them  in 
parentheses,  as  for  those  left  unenclosed.  There  is  no  ontogenetic 
evidence  as  yet. 

These  conclusions  and  the  data  on  which  they  are  based  merely 
permit  us  to  determine  the  probable  course,  or  direction,  of  change 
in  certain  features  of  the  venation.  They  do  not  enable  us  to  decide 
as  to  the  relative  order  in  which  the  different  features  changed, 
whether,  for  example  in  the  ancestors  of  living  Podagrionine  genera. 
Ma  assumed  a  position  at  or  distad  to  the  subnodus  at  an  earlier,  or 
at  a  later,  period  than  the  reduction  of  the  number  of  rows  of  cells 
in  the  area  posterior  to  Cu2  occurred,  although,  given  a  character, 
we  can  say  which  genera  should  come  first  and  which  should  follow 
in  our  phylogenetic  list  in  respect  to  the  modifications  of  that  charac- 
ter. In  the  imperfection  of  our  knowledge,  we  are  largely  guided, 
therefore,  by  motives  of  convenience  in  selecting  the  primary  charac- 
ters on  which  a  classification  of  the  members  of  this  group  is  to  be 
based.  Having  regard  to  all  these  considerations,  the  following 
scheme  for  a  phylogenetic  grouping  of  the  genera  of  Selys'  legion 
Podagrion  is  presented. 

Synopsis  of  Venational  Characters  of  Genera  of  the  Legion 

Podagrion. 

Legion  Podagrion  Selys  1862, 

Ma  separating  from  M1+2  nearer  to  the  nodus  than  to  the  arculus. 
Pterostigma  normal,  i.e.,  consisting  of  but  a  single  cell.  Cu2  present. 
Supplementary  sectors  present,  at  least  between  Mia  and  M2,  except 
in  Perilestes, 

A. — Ma  separating  from  M1+2  proximad  to  the  subnodus,  at  six- 
tenths  or  more  of  the  distance  from  arculus  to  subnodus  (half-way 
in  Rhipidolestes). 
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B. — ^Autenodals  more  than  two  on  all  the  wings,  or  on  the  hind  wings 
only  {Neuragrion).     (See  also  the  parenthesis  following  rubric 
BB.) 
C. — ^Area  posterior  to  Cua  with  three  or  more  rows  of  cells,  A 
separating  from  the  hind  margin  proximad  to  the  level  of  the 
arculus,"R«  beginning  at  the  subnodus. 
D. — Quadrilateral  oblique  at  distal  end. 
E. — Supplementary  sectors  between  M4  and  Cui  absent;  between 
Mia  and  Ma  five,  between  R»  and  Ms  eight  rows  of  cells, 

respectively Dysagrion  Scudder,  1878  (Eocene,  Wyoming). 

EE. — Supplementary  sectors  between  M4  and  Cui  three  or  four; 
between  Mia  and  M2  three,  between  Ri  and  Ms  three  rows 

of  cells  respectively  . 

Phenacolestes  Cockerell,  1906  (Miocene,  Colorado). 
DD. — Quadrilateral  almost  rectangular  at  both  proximal  and  distal 

'    ends;  many  supplementary  sectors  from  Mi  to  hind  margin 

Thaumatoneura  M'Lachlan,  1897  (Central  America). 
CC. — Area  posterior  to  Cu2  with  only  one  row  of  cells,  A  separating 
from  hind  margin  at  or  distad  to  the  level  of  the  arculus. 
F. — R»  beginning  at  subnodus,  supplementary  sectors  from 

Mia  to  M4,  two  or  more  cubito-anal  cross-veins 

Neurolestes  Selys,  1882  (West  Africa). 
FF. — R«   beginning    distad    to    the    subnodus,    supplementary 

sectors  from  Mia  to  Ms,  one  cubito-anal  cross-vein      

Neuragrion  Karsch,  1891  (Ecuador). 

BB. — Antenodals  two  only  (more  than  two  have  been  noted  in 

occasional  specimens  of  PodopieryXy  a  genus  included  under 

this  rubric). 

G. — Rf  beginning  proximad  to  the  subnodus. 

H. — Area  posterior  to  Cu2  with  two  rows  of  cells,  A  separating 

from  the  hind  margin  proximad  to  the  level  of  the 

arculus,  supplementary  sectors  from  Mia  to  M4 

Melanagrion  Cockerell,  1907  (Miocene,  Colorado). 

HH. — Area  posterior  to  Cu2  with  one  row  of  cells,  A  separating 

from  hind  margin  distad  to  the  level  of  the  arculus, 

supplementary  sectors  from  Mia  to  Cu2 

Rhipidolestes  Ris,  1912  (Formosa). 
<jrG. — R«  beginning  at  the  subnodus. 

J. — Area  posterior  to  Cui?  with  4-5  rows  of  cells,  A  separating 
from  the  hind  margin  at  or  distad  to  the  level  of  the 

arculus,  supplementary  sectors  from  Mia  to  Cui 

Podopteryx  Selys,  1871  (Aru,  Queensland). 
J  J. — ^Area  posterior  to  Cu2  with  2  rows  of  cells,  otherwise  as 

in  Podopteryx 

Argiolestes  Selys,  1862,  sens,  strict.^^  (Australian  region). 


*  As  here  limited  includes  only  the  groups  IC  and  2  of  Selys'  Revision  of  1886, 
p.  81.  See  the  remarks  of  Martin  on  the  variability  of  the  points  of  departure 
x)f  Ma  and  R*  in  ArgiolesteSy  Boll.  Soc.  Enl.  Italy  Ix,  p.  201,  1909. 
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JJJ. — Area  posterior  to  Cm  with  one  row  of  cells. 
K.— Old  Worid  Genera.** 

L. — A  separating  from  the  hind  margin  proximad  to* 
the  level  of  the  arculus  (some  Podolestes  fall  here — 
see  below  under  00). 
M. — Supplementary  sectors  from  Mi  to  Ma  and  between 

M4  and  Cu2,  none  between  Ms  and  M4 

Rhinagrion  nom.  n.  for  Amphilestes 

Selys,  1862»i  (Malaysia). 

MM. — Supplementary  sectors  (two  each)  from  Mia  to  Ri, 

one  between  Ms  and  M4 

Mesopodagrion  McLachlan,  1896  (Thibet,  West  China). 

LL. — A  separating  from  the  hind  margin  distad  to  the  level 

of  the  arculus. 

N. — Quadrilateral  with  its  anterior  side  more  than  half 

as  long  as  its  posterior  side,  Oui  only  slightly 

arched  forward  on  leaving  the  quadrilateral. 

O. — Arculus  distinctly  distal  to  the  second  antenodal,. 

supplementary  sectors  (two  each)  from  Mio  to 

M4 Nesolestes  Selys,  1891  (Madagascar). 

00. — Arculus  at,  or  but  slightly  distal  to,  the  second 
antenodal,  supplementary  sectors   (one  or  twa 

each)  from  Mu  to  M4 : 

Podolestes  Selys,  1862  (Labuan,  Sumatra)  .^ 
NN. — Quadrilateral  with  its  anterior  side  half,  or  less 
than  half,   as  long  as  the  posterior  side;    Cui 
strongly  arched  forward  on  leaving  the  quadri- 
lateral,  supplementary  sectors   (one  each)   from 

Ml  or  Mia  to  R»  or  Ms 

Synlestes  Selys,  1869  (Australia)  ► 
KK.— New  Worid  Genera. 

P. — A  separating  from  the  hind  margin  proximad  to 

the  level  of  the  arculus,  supplementary  sectors 

from  Mitf  to  R«  and  between  Ms  and  M4. 

Q. — Area  Mia  to  Ma  with  three  rows  of  cells,  two 

unbroken  supplementary  sectors  between  M» 

and  R« Megapodagrion  Selys,  1885^ 

sens,  strict.  (Brazil). 

QQ. — ^Area  Mia  to  M2  with  two  rows  of  cells,  one 

zigzag  supplementary  sector  between  M2  and 

Rf Allopodagrion  Foerster,  1910 

(Northern  South  America). 

w  Although  the  first  two  subdivisions,  K  and  KK,  under  rubric  JJJ  are  geo- 

faphical,  not  structural,  for  convenience'  sake,  the  structural  features  under 
and  KK  are  suflficiently  detailed  to  enable  the  identification  of  a  form  of 
unknown  habitat  to  be  made. 

»^The  name  Amphilestes  Selys  is  preoccupied  by  Amphilestes  Owen  (Encyc. 
Brit.f  8th  edit.,  XVII,  p.  157, 1859)  for  a  fossil  mammal.  Rhinagrion  is  suggested 
by  de  Selys'  emphasis  of  one  of  the  characters  of  his  Amphilestes  as  "Tdte  robuste, 
k  ^pistome  saillant.'' 
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PP. — ^A  separating  from  the  hind  margin  distad  to  the 
level  of  the  arculus. 
R. — Nodus  more  nearly  at  one-third  of  the  wing- 
length,    no   supplementary   sectors   between 

Rf  and  Ms LithagrUm  Scudder,  1882 

(Miocene,  Colorado). 
RR.— ^Nodus  more  nearly  at  one-fourth  of  the  wing- 
length,  at  least  two  supplementary  sectors 
between  R«  and  Mi.     (Supplementary  sectors 

from  Mu  to  M4  or  Cui) 

Philogenia  Selys,  1862,  except 
P.  terraba  Calv.  (Costa  Rica  to  Brazil). 
<jGG. — Ri  beginnmg  distad  to  the  subnodus,  A  separating  from 
the  hind  margin  distad  to  the  level  of  the  arculus. 

S. — ^Area  posterior  to  Cu»  with  usually  two  or 
more  rows  of  cells,  supplementary  sectors 
from  Ml  to  Cu»  or  to  hind  margin,  two 
cubito-anal  cross-veins,  the  second  under  the 

quadrilateral   „ 

Paraphlebia  hyalina  Brauer,  1871  (Me^cico). 
SS. — Area  posterior  to  Cu2  with  one  row  of  cells, 
no  supplementary  sectors  posterior  to  M4. 
T. — Supplementary  sectors  from  Mia  to  M4, 

one  cubito-anal  cross-vein. 
U. — ^Antenodal  cells  between  M4  and  Cui  two 

or  three  (otherwise  as  above  under  RR) 

Philogenia  terraba^  Calvert,  1907 

(Costa  Rica). 

UU. — Antenodal  cells  between  M4  and  Cui  one; 

quadrilateral  very  long,  reaching  to  the 

level  of  the  nodus. .'. 

Allolestes  Selys,  1869  (Seychelles). 

TT. — Supplementary   sectors   from   Mio   to   Ms 

(often  none  between  Ma  and  Ri),  usually 

more  than  one  cubito-anal  cross-vein 

Dimeragrion  new  genus  (Guiana).* 

TTT. — Supplementary  sectors  between  M2  and  Rt 

and  (two  long  ones)  between  R«  and  Ma, 

one  cubito-anal  cross-vein. _ 

Heteropodagrion  Selys,  1885  (Ecuador). 


« In  spite  of  the  fact  that  Philogenia  terraba  falls  here,  instead  of  under  RR 
with  the  rest  of  the  genus  Philogenia,  the  only  difference  which  separates  it  is  the 
slight  one  of  the  more  distal  position  of  the  separation-point  of  Rt  from  Mn-2, 
and  I  think  this  does  not  entitle  terraba  to  a  different  generic  name. 

••  The  genus  Neuraqrion  Karsch  was  described  from  a  single  female  and  has 
been  pla^  under  rubric  FF  above.  If  additional  specimens  should  prove  to 
have  only  two  antenodals,  the  genus  would  fall  under  TT  and  would  differ  from 
Dimeragrion  presumably,  at  least,  in  possessing  only  one  cubito-anal  cross-vein. 
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TTTT. — Supplementary  sector  one  between  Mia  and 
M2,    one    cubito-anal    cross-vein,    quadri^ 

lateral  not  reaching  the  level  of  the  nodus 

Protolestes  Foerster,  1899  (Madagascar). 
AA. — Ma  separating  from  Mn-2  at  the  subnodus,  only  two  antenodals, 
R«  beginning  distad  to  subnodus. 

V. — Area  posterior  to  Cu2  with  usually  two 
or  more**  rows  of  cells,  A  separating  from 
the  hind  margin  distad  to  the  level  of  the 
arculus. 
W. — Supplementary  sectors  from  Mi  to  Cu2 
or   to    hind   margin;     two   cubito-anal 
cross-veins,  the  second  under  the  quadri- 
lateral _ Paraphlebm  Hagen,  1861 

(Mexico,  Guatemala). 

WW. — Supplementary    sectors    from    Mu    to 

Cui  or  to  hind  margin,  one  cubito-anal 

cross-vein Wahnesia  Foerster,  1900 

(New  Gumea)^* 

VV. — Area  posterior  to  Cu2  with  one  row  of 

cells,  one  cubito-anal  cross-vein. 

X.^-Supplementary   sectors   from   Mio   to 

M4,  A  separating  from  hind  margin  at 

or  distad  to  arculus 

Chlorolestes  SelySy  1862  (South  Africa). 

XX. — Supplemental    sectors    confined    to 

area  Mia  to  M2,  A  separating  from  hind 

margin  proximad  to,  at,  or  distad  to, 

the  level  of  the  arculus 

Heteragrion  Selys,  1862 

(Mexico  to  Argentina).^ 

AAA. — Ma  separating  from  M1+2  distad  to  the  subnodus,  only  two 

antenodals,  Ri  beginning  distad  to  the  subnodus,  A  separating 

from  the  hind  margin  distad  to  the  level  of  the  arculus  (or  not 

developed  as  separate  from  the  hind  margin  in  Perilestes). 

Y. — Area  posterior  to  Cu2  with  two  or 
three  rows  of  cells. 
Z.— Supplementary  sectors  from  Mi  to 
Cu2  or  to  hind  margin,  other  charac- 
ters as  above  under  W 

Paraphlebia  (see  W). 

»*  Both  sexes  of  Paraphlebia  duodecima  Calv.  have  only  one  row  of  cells  posterior 
to  C112  on  the  hind  wings,  but  two  or  more  rows  on  the  front  wings. 

«  This  is  group  IB  of  Argiolesles  in  Selys'  Revision  of  1886,  p.  81. 

^  In  his  Synopsis  of  1862,  p.  31,  de  Selys  suggested  the  separation  of  H.  petiola- 
turn  as  a  separate  subgenus  under  the  name  of  Oxystigma,  chiefly  distinguished 
from  Heteragrion  by  the  long  quadrilateral  reaching  almost  to  the  level  of  the 
nodus,  the  pterostigma  extremely,  pointed  proximally  and  only  one  antenodal 
cell  (between  M4  and  Cui),  but  he  aid  not  adopt  this  suggei5tion  in  his  Revision 
of  1886.     The  name  Oxysligma  does  not  appear  in  Kirby's  Catalogue, 
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ZZ. — Supplementary  sectors  from  Mia  to 

Cui 

Metagrion  n.  gen.^  (New  Guinea). 
YY. — Area  posterior  to  Cu2  with  one  row  of 
cells,   no   supplementary'   sector  pos- 
terior to  Ma. 
a. — Quadrilateral  not  touching  the  hind 
margin  of  the  wing,  supplementary 
sectors  between  Mu  and  M2  and 

between  R«  and  Ms 

Mesagrion  Selys,  1885  (Colombia). 
aa, — Quadrilateral  touching  the  hind 
margin  of  the  wing,  no  supple- 
mentary sectors  except  a  rudiment 
between  M2  and  R«  or  between  R» 
and  Ms,  arculus  well  distal  to  the 

second  antenodal 

Perilestes  Selys,  1862 
(Costa  Rica,  Guiana,  Brazil). 

In  view  of  the  observations  on  the  imperfection  of  our  knowledge, 
made  on  p.  256,  in  introducing  the  preceding  Synopsis,  it  seems 
useful  to  ofifer  also  this 

Outline  op  an  Alternative  Grouping  of  the  Genera  of  the 
Legion  Podagrion. 

A. — ^Area  posterior  to  Cu2  with  mor6  than  one  row  of  cells. 

B. — A  separating  from  the  hind  margin  proximad  to  the  level 

of  the  arculus,  Ma  separating  from  Mn-2  proximad  to  the 

subnodus. 

C. — Rf  beginning  proximad  to  the  subnodus,  two  antenodals, 

supplementary  sectors   Mia  to   M4,   two  rows  of  cells 

posterior    to    Cu2 Melanagrion, 

CC. — R»  beginning  at  the  subnodus,   more  than  two  ante- 

nodals Dysagrion^  Phenacolestes^  Thaumatoneura. 

BB. — A  separating  from  the  hind  margin  at,  or  distad  to,  the  level 
of  the  arculus,  normally  two  antenodals. 
D. — Ma  separating  from  M1+2  proximad  to  the  subnodus. 
E. — R«  beginning  at  the  subnodus  .FodopteryXjArgiolestes. 

EE. — R«  beginning  distad  to  the  subnodus 

Paraphlebia  hyalina, 
DD. — Ma  separating  from  Mn-2  at,  or  distad  to,  the  level  of 

the  subnodus Paraphlebia,  Wahnesia,  Metagrion. 

AA. — Area  posterior  to  Cu2  with  only  one  row  of  cells. 

F. — A  separating  from  the  hind  margin  proximad  to 
the  level  of  the  arculus. 


"Type:    Argiolesies  postnodalis  Selys.     This  genus  is  group   lA  of  Selys' 
Revision  of  1886,  p.  81. 
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G. — Ms   separating   from    M14-2   proximad   to   the 

subnodus,  R«  at  the  subnodus 

Rhinagrion,  MesopodagrioUf  MegapoddgrioUj 

AUopodagrion,  Podolestes. 

GG. — Ma  separating  from  M1+2  at  the  subnodus,  Ri 

distad  to  the  subnodus Heteragrion. 

FF. — ^A  separating  from  the  hind  margin  at,  or  distad  to, 
the  level  of  the  arculus  (or  not  developed  as  a  vein 
distinct  from  the  hind  margin  in  Perilestes). 
H. — Ms  separating  from  M1+2  proximad  to  the 
subnodus. 

J. — ^Rf  beginning  proximad  to  subnodus 

Rhipidolestes. 

JJ. — Rt  beginning  at  the  subnodus: 

Neurolestes  (3  antenodals),  Ldthagriony 
Philogeniaj  NesolesteSy  PodolesteSf  Synlestes, 

J  J  J. — Rt  beginning  distad  to  the  subnodus 

Neuragrion  (3  antenodals  on  hind  wings), 

Philogenia  terraba,  AUolestes,  Dimeragrion, 

Heteropodagrion,  Protolestes, 

HH. — Ma  separating  from  M1+2  at  the  subnodus 

ChlorolesteSy  Heteragrion. 

HHH. — Ma    separating    from    M1+2    distad    to    the 

subnodus.- Mesagrion,  Perilestes. 

The  preceding  Synopsis,  pp.  256-261,  will  enable  one  using  this 
Alternative  Grouping  to  distinguish  from  each  other  the  genera 
listed  under  each  final  rubric. 

A  comparison  of  Synopsis  and  Alternative  Grouping  will  show 
that,  in  spite  of  a  number  of  differences  in  the  order  in  which  the 
genera  appear  in  the  two  schemes,  both  begin  with  and  both  end 
with  nearly  the  same  forms,  which  may  therefore  be  regarded  as, 
respectively,  the  oldest  and  the  youngest  members,  phylogenetically, 
of  the  legion  Podagrion. 

The  Relationships  of  Phenacolestes. 

If  the  conclusions  reached  on  pp,  255-256  he  correct, 
Dysagrion  of  the  Eocene  of  Wyoming,  the  oldest  member  of  the 
legion  Podagrion  now  known,  cannot  have  been  an  ancestor  of  any 
of  the  three  known  Miocene  genera  from  Colorado,  Phenacolestes, 
Ldthagrion,  and  Melanagrion,  because  it  lacked  supplementary  sectors 
between  M4  and  Cui.  Melanagrion  indeed  possesses  one  more 
primitive  feature  than  is  found  in  any  of  the  other  three  of  these 
extinct  genera,  viz.,  Rt  begins  proximad  to  the  subnodus. 

Phenacolestes  has  preserved  more  primitive  characters  than  has 
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its  contemporary  Lithagrion,  as  may  be  seen  by  a  comparison  of 
those  numbered  2,  (4?),  12,  156, 17a  and  6, 19,  20,  21a  and  6,  and  22, 
on  pp.  227  and  232,  anted, 

Phenacolestes  is  more  primitive  than  its  contemporary  Melanagrion 
in  characters  Nos.  1,  2,  12,  156,  17a  and  6, 19,  20,  216  and  22,  but  less 
primitive  in  characters  Nos.  3,  (4?),  and  11.  See  pp.  227  and  231, 
anted. 

Phenacolestes  may  have  been  the  ancestor  of  the  New  World  genera 
Megapodagriony  Allapodagrion,  and  Perilestes  and  of  the  African 
ChLoTolestes,  unless  it  shall  be  shown  that  the  less  oblique  pterostigma 
possessed  by  all  four  of  these  living  genera  cannot  have  been  acquired 
from  the  form  which  existed  in  Phenacolestes ,  Of  these  four,  Mega- 
podagrion  is  most  like  Phenacolestes.  But  Megapodagrion  and  the 
other  three  genera  may  equally  well  have  descended  from  Melana- 
grion,  with  which  they  agree  more  closely  in  the  shape  of  the  ptero- 
stigma, although  Melanagrion  is  figured  as  having  no  anal  cross-veins, 
a  not  very  weighty  objection  in  this  connection. 

Phenacolestes  might  be  considered  ancestral  to  Heteropodagrion 
and  Hetero/grionj  were  it  not  that  these  two  have,  in  at  least  some 
species,  a  greater  number  of  postnodals. 

Phenacolestes  was  apparently  not  the  ancestor  of  : 

Neuragrion,  which  has  more  postnodals,  and  the  cubito-anal  cross- 
vein  in  a  different  position,  i.e.y  proximal  to  the  level  of  the  first 
antenodal; 

Mesagrion,  for  the  second  reason  just  given  for  Neuragrion; 

Thaumatoneura,  Paraphlebia,  or  Dimeragrion,  which  have  more 
than  one  cubito-anal  cross-vein  and  denser  venation  in  the  wing 
generally  (Thaumatoneura),  or  between  Cui  and  Cu2  (Paraphlebia), 
or  as  shown  in  the  greater  numbers  of  postnodals  (all  three) ; 

Philogenia,  which  has  more  postnodals  and  rather  denser  venation 
between  Mia  and  M2; 

RhipidoUstes,  which  has  Ms  separating  from  M1+2  more  proximad, 
Rt  beginning  proximad  to  subnodus,  and  more  postnodals; 

PodopteryXf  which  has  a  denser  venation  between  Mi  and  M4  and 
posterior  to  Cua,  and  more  postnodals; 

Argiolestes,  which  has  a  denser  venation  between  Ms  and  Mi. 

Comparisons  with  genera  of  the  Old  World  having  more  reduced 
venations  are  useless,  as  the  equally  possible  descent  from  other 
extinct  genera  than  Phenacolestes  arises  again. 

Whether  Megapodagrion  and  its  near  ally  Allopodagrion  are  to 
be  looked  on  as  descendants  of  Phenacolestes  or  of  Melanagrion, 
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it  is  of  interest  to  point  out  that  they  are  not  in  their  present  geo- 
graphical distribution  the  nearest  Podagrionine  genera  to  Colorado^ 
as  none  of  their  species  are  known  from  a  more  northern  locality 
than  Colombia  ("Bogota").  In  the  intervening  territory  are  found 
Thaumatoneura,  Paraphlebia,  Philogenia,  Heteragrion,  and  PerileateSy 
and  of  these  four  genera  the  most  northern  known  representatives 
are  Paraphlebia  toe  and  hyalina  and  Heteragrion  chrysops  of  the 
State  of  Vera  Cruz,  Mexico.** 

Professor  Cockerell  has  suggested  in  correspondence  that  although 
the  genera  allied  to  Phenacolestes  are  now  Neotropical,  they  are  of 
northern  origin  or  had  northern  ancestors.  Considering  how  wide- 
spread are  the  living  genera  of  the  legion  Podagrion,  it  seems  incon- 
ceivable that  their  forerunners  in  the  Miocene  did  not  inhabit  many 
other  Regions  than  Colorado.  The  fact  that  we  know  them  only 
from  Florissant  seems  to  the  writer  very  negative  and  insufficient 
evidence  on  which  to  found  a  conjecture  as  to  the  place  of  origin  of 
this  group. 

On  the  Subfamily  DvsAGRiONiNiB  Cockerell. 

Preceding  his  original  description  of  Phenacolestes  miranduSy 
Professor  Cockerell  proposes  a  new  subfamily  of  Agrionidae  {sensu 
8trictiori)j  under  the  name  Dysagrioninse,  which  he  defines  as  follows.** 

"Antenodals  2 Subfamily  Agrioninae. 

Antenodals  4  or  more Subfamily  Dysagrionina." 

The  number  of  antenodals  is  hardly  a  character  of  sufficient  impor- 
tance by  itself  to  establish  a  subfamily,  owing  to  its  variability,  and  at 
least  three  genera  come  between  Professor  CockerelFs  two  divisions. 
Thus  in  Thaumatoneura  M'Lachn.,  the  number  of  antenodals  varies 
from  3  to  5,  and  Neurolestes  Selys  of  Africa  and  Neuragrion  Karsch 
of  Ecuador  have  three  antenodals.^****  It  is  not  without  bearing  on 
the  present  topic  that  all  three  of  these  living  genera,  as  well  as 
Phenacolestes,  are  of  Selys'  legion  Podagrion,  but  if  any  new  taxo- 
nomic  arrangement,  whether  of  ** subfamilies'*  or  of  **legions,"  is  to  be 
made,  the  distinctive  characters  must  be  formulated  in  some  other 
.terms  than  those  which  Professor  Cockerell  has  employed.  The 
tenability  of  the  subfamily  Dysagrionime  has  also  been  discussed 

"  Calvert,  Biol.  Cenlr.  Amer,  New,,  pp.  60,  61,  64,  1901. 
~  BvU.  Amer.  Mus,  Nat,  Hist.,  XXIV,  p.  60. 

»»Cf.  Calvert,  Ent,  Mo.  Mag.,  X3CXVIU   [2-XIIII,   pp.  29-32,  1902,  where 
also  the  characters  of  the  Agrionin®  are  discussed. 
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by  Mr.  Campion  in  his  preceding  paper  on  *'The  Antenodal  Reticu- 
lation of  the  wings  of  Agrionine  Dragonflies."*®^ 

Additional  Data  on  Dimeragrion  n.  gen. 

In  addition  to  the  venational  characters  which  have  been  given 
'on  pp.  238-239,  antedj  the  following  are  generic  features  from  other 
parts  of  the  body: 

Second  antennal  joint  one  and  one-half  times  as  long  as  the  first, 
the  third  longer  than  the  first  two  together. 

Ligula  (median  labial  lobe)  bilobed  in  its  distal  third,  apices 
tapering  but  not  very  acute,  separated  by  an  interval  whose  width 
is  about  equal  to  its  depth. 

Tibial  spines  longer  (often  2-3  times  longer)  than  the  intervals 
separating  them,  7-8  in  the  anterior  (outer)  row,  and  8-9  in  the  pos- 
terior (inner)  row  of  the  third  tibia. 

The  generic  name  proposed  is  in  allusion  to  the  fact  that  there  are 
two  supplementary  sectors  only  in  two  areas  of  the  wing,  viz.,  those 
between  Mia  and  M2  and  between  R»  and  Ma. 

Type,  Dimeragrion  percubitale  n.  sp. 
Dimeragrion  peroubitale  n.  sp.    Pi.  XIV,  figs.  6-8. 

Adult  cf. — Vertex,  genae,  and  rear  of  the  head  black  with  some 
metallic  green  reflection  not  very  brilliant.  A  yellowish  streak 
between  each  antenna  and  the  lateral  ocellus  of  the  same  side. 
Traces  of  pruinosity  on  the  rear  of  the  head.  Frons,  nasus,  and  upper 
half  of  rhinarium  dark  metallic  violet,  well-defined  from  the  black 
above  and  the  pale  yellow  below,  which  latter  forms  a  transverse 
band  on  the  lower  half  of  the  rhinarium  and  basal  half  of  the  labrum, 
this  band  having  almost  parallel  edges.  Distal  half  of  the  labrum 
and  the  mandibles  dark  metallic  violet.  Submentum,  mentum,  and 
bases  of  the  maxillae  luteous,  the  distal  parts  of  these  two  pairs  of 
appendages  blackish.    Antennae  black. 

Prothorax  black  with  a  slight  metallic  green  reflection. 

Mesepisterna  and  mesepimera  metallic  green,  lower  part  (more 
than  half)  of  the  former  and  the  third  fourth  (counting  from  above) 
of  the  latter  pruinose,  or  the  .latter  without  pruinosity.  Metepi- 
stemum  metallic  green  or  metallic  violet,  a  narrow  pale  (luteous  ?) 
stripe  separating  this  color  from  that  of  the  mesepimeron,  or  this  pale 
stripe  absent  (still  older  males).  Metepimeron  and  metastemum 
pale  brown  or  luteous,  some  pruinosity  on  the  latter. 


*"  These  Proceedings,  antecif  pp.  220-224. 
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Legs  blackish,  some  pruinosity  on  coxae,  trochanters,  and  femora. 

Wings  uncolored,  the  venation  described  on  p.  238.  Stigma*  dark 
brown,  surmounting  2+  to  4  cells,  its  proximal  side  very  oblique, 
so  that  one  or  more  postnodals  are  placed  between  it  and  the  costa, 
and  at  least  twice  as  long  as  the  distal  side.  The  relative  lengths  of 
the  four  sides  of  the  stigma,  beginning  with  the  longest,  are:  posterior, 
proximal,  anterior,  distal.  No  brace-vein,  i.e.,  no  thickened  cross- 
vein  in  prolongation  caudad  of  the  proximal  side. 

Dorsum  of  abdominal  segments  1  and  2  dark  metallic  green,  of 
3-10  black,  except  that  in  the  middle  of  3-5  or  6  the  black  is  replaced 
by  ill-defined  dark  brown.  Sides  of  1  and  2,  a  transverse  basal  ring 
on  3,  sides  inferiorly  of  3-7,  pale  brown  or  luteous.  The  dorsal  black 
of  3-6  is  continued  ventrad  at  the  posterior  ends  of  these  segments, 
forming  a  transverse  apical  band  on  each.  A  transverse  basal 
yellow  ring  on  4-7.  Intersegmental  articulations  of  7-10  luteous, 
otherwise  8-10  are  wholly  black,  9  being  also  pruinose  on  the  dorsum. 
Pruinose  traces  are  also  visible  on  the  intersegmental  articulation  of 
1-2  and  on  the  sides  and  stemites  of  most  of  the  segments.  Hind 
margin  of  10  entire. 

Superior  appendages  longer  than  10,  a  little  shorter  than  9,  black, 
partly  pruinose.  Viewed  in  profile,  the  axis  of  each  appendage  is 
parallel  to  that  of  the  abdomen,  but  the  superior  margin  is  strongly 
declined  in  the  proximal  fourth,  less  so  in  the  remaining  three-fourths; 
the  inferior  margin  in  the  distal  three-fourths  of  the  appendage  is 
produced  ventrad  into  a  strongly  convex  lamella  which  terminates 
at  the  blunt  apex  of  the  appendage;  this  lamella  reaches  its  maximum 
at  one-half  to  two-thirds  of  the  appendage-length.  On  the  dorsal 
surface  of  the  appendage  at  the  extreme  base  is  a  short  transverse 
ridge,  which  in  profile  view  appears  as  a  tooth.  In  dorsal  view,  each 
superior  appendage  shows  its  superior  margin  as  almost  straight  and 
decreasing  in  width  throughout  the  proximal  three-fourths,  while  the 
distal  fourth  is  strongly  curved  toward  its  fellow  of  the  opposite  side; 
the  ventral  lamella  is  inclined  inward  and  downward  (mesad  and 
ventrad),  the  short  transverse  basal  ridge  is  at  the  mesal  margin. 

Inferior  appendages  about  seven-eighths  as  long  as  the  superiors, 
black.  Each  one,  in  profile  view,  conical,  tapering  more  rapidly  on 
the  superior  margin  beyond  two-fifths  its  length,  so  that  at  this  point 
this  margin  shows  an  angle;  distal  third  curved  strongly  upward 
(dorsad)  and  terminating  in  a  slender  very  acute  apex.  In  ventral 
view,  each  appendage  is  applied  against  its  fellow  for  the  proximal 
three-fifths  of  its  length,  beyond  which  it  is  continued  along  the  outer 
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(ectal)  edge  as  a  blunt  cylindrical  process  one-half  to  one-third  as 
wide  as  the  proximal  part  of  the  appendage;  the  abrupt  contraction 
from  the  proximal  part  to  the  distal  process  is  made  by  a  right-angled 
"shoulder." 

I  have  not  been  able  to  detect  any  differences  either  in  these 
appendages  or  in  the  genitalia  of  the  second  abdominal  segment  of 
the  males  from  the  four  different  localities. 

Young  cf . — Differs  from  the  adult  c?  in  the  absence  of  pruinosity, 
in  the  paler  hue  of  the  yellow  areas  generally,  in  having  pale  yellow 
where  the  adult  has  luteous;  metallic  violet  on  the  head  paler, 
bases  of  the  mandibles  and  a  spot  between  each  one  and  the  adjacent 
eye  yellow,  metallic  violet  or  metallic  brown  instead  of  metallic  green 
on  the  thorax,  an  indistinct  narrow  yellowish  stripe  on  each  side  of 
the  mid-dorsal  thoracic  carina,  a  bright  yellow  line  on  the  humeral 
suture,  coxffi  and  trochanters  pale  yellow,  pterostigma  paler  brown 
with  a  pale  luteous  line  just  within  each  bounding  vein,  dorsum  of 
abdominal  segments  1  and  2  metallic  blue,  of  3-7  dark  brown,  darker 
at  the  hind  end  of  each  where  it  is  continued  ventrad  as  in  the  adult, 
most  of  the  ventral  surfaces  of  7-10  pale  yellow,  except  at  the  hind 
ends  of  7  and  8  which  are  blackish,  proximal  half  of  the  inferior 
appendages  yellowish  ventrally. 

9  .  Differs  from  the  adult  cf  as  follows:  Dark  color  on  the  nasus, 
rhinarium  and  labrum  shining  black  instead  of  metallic  violet.  Sides 
of  the  first  two  (confluent  with  the  transverse  yellow  band  below), 
bases  of  the  mandibles  and  an  oblique  band  running  from  each  eye 
upward  (dorsad)  and  inward  (mesad)  on  to  the  anterior  surface  of 
the  frons  to  a  variable  distance  (not  correlated  with  amount  of 
pruinosity  on  body),  bright  yellow.  A  narrow  stripe  on  the  humeral 
suture,  a  wider  stripe  on  the  first  lateral  suture  and  on  the  mete- 
pistemum  bordering  the  second  suture,  yellowish.  Pruinosity  on 
the  thorax  in  slight  quantity  on  the  sterna  and  metapleuron,  or  on 
the  sterna  only.  Coxab  and  trochanters  yellow.  Pterostigma  as 
described  for  the  young  male,  pruinose  on  the  under  surface.  No 
pruinosity  (or  but  a  trace  of  it)  on  the  dorsal  side  of  abdominal 
segment  9,  but  present  in  slight  traces  on  the  sides  inferiorly  of  1-8 
and  in  somewhat  greater  amount  on  the  stemites  of  1-8.  Hind 
margin  of  10  with  a  narrow  mid-dorsal  notch  about  one-fourth  as 
deep  as  the  length  of  the  segment,  from  which  runs  a  low  median 
carina  to  the  anterior  end  of  the  segment;  ventral  surface  of  this 
segment  pale  brown.  Abdominal  appendages  about  twice  as  long 
as  segment  10,  not  as  long  as  segment  9,  straight,  slender,  tapering 
to  an  acute  apex,  black. 
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Genital  valves  (  =  external  gonapophyses  of  9)  reaching  almost, 
but  not  quite,  to  the  level  of  the  hind  end  of  10,  brownish,  ventral 
margin  spinulose,  the  palps  slender,  reaching  beyond  the  level  of  the 
hind  end  of  10,  but  not  of  that  of  the  anal  tubercle  (  =  11),  darker 
in  color. 

Of  the  two  females  from  Tumatumari,  one  lacks  all  pruinosity 
on  the  body  and  the  pterostigmata,  the  other  has  a  small  quantity 
on  the  rear  of  the  head  only;  they  appear  to  be  the  most  immature 
of  their  sex  in  the  present  material. 

Dimensions, — Abdomen    cf    26.5-34,    9    24.5-25.5;    hind   wing , 
cf  21.5-25,   9  20-22.5  mm. 

Habitat, — British  Guiana:  Wismar,  January  30  and  31,  three 
males,  three  females;  Rockstone,  February'  1,  six  males,  one  female; 
Tumatumari,  February  5,  one  male,  February  7,  one  female,  February 
1  J,  one  male,  one  female;  Potoro  Landing,  February  10,  three  males. 
Collectors,  L.  A.  and  E.  B.  Williamson  and  B.  J.  Rainey,  1912. 

Type, — A  male  from  Wismar,  January  30,  abdomen  30.5,  hind 
wing  22.5  mm.  long,  in  the  collection  of  Mr.  E.  B.  Williamson,  of 
Bluffton,  Ind.  The  other  material  in  the  collections  of  Mr.  William- 
son and  of  the  author. 

Habits, — The  Tumatumari  female  of  February  11,  the  youngest 
of  her  sex  of  the  present  material  bears  this  label  by  Mr.  E.  B.  Wil- 
liamson: **  taken  at  top  of  trail  2  J  mile  past  Tiger  Creek  trail  on 
twig.'*  A  male  from  Potoro  Landing,  the  smallest  of  his  sex  in  all 
the  present  lot  has  this  note  by  the  same  collector:  "On  ends  of 
twigs  wings  expanded  usually  in  shade." 

Mr.  Williamson  has  kindly  furnished  the  following  notes  with 
reference  to  the  habits:  **At  Wismar  back  from  the  river,  across 
the  railroad  tracks  and  south  of  the  eminence  on  which  stands  the 
manager's  (Mr.  Croombie's)  house,  is  a  brushy  swampy  woods, 
traversed  by  numerous  small  streams  which  head  in  small  ravines 
with  abrupt  and  rocky  ends  or  pockets.  These  streams  at  the 
season  I  was  there  were  small  and  frequently  disappeared  and  hence 
were  followed  with  some  difficulty  in  their  upper  course.  All  were 
short  and  were  intermingled  in  the  lower  (east)  end  of  the  woods 
where  the  ground  was  swampy  and  the  footing  treacherous.  The 
Agrionines  were  found  usually  near  the  upper  ends  of  the  streams 
below  the  rocky  pockets. 

"At  Rockstone  the  railroad  track  was  followed  back  toward  Wismar 
where  two  or  three  streams,  small  at  this  season,  cross  the  track  at 
intervals,   flowing  in  a  northerly  direction.     These  streams  were 
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ToUoWe^  ili  the  direction  of  their  flow  till  each  was  lost  in  the  woocUr 
and  it  iwts  impossible  to  trace  its  course  further. 

"Tire  habits  of  the  Agrionines  at  both  locations  (Wbmar  and 
Hockstone)  were  identical.  They  rested  on  the  extreme  tips  of  dead 
twigs,  usually  two  or  three  feet  from  the  ground,  with  outspread 
wings  and  rigidly  horizontal  bodies.  The  color  and  the  positioil 
assumed  gave  the  impression  of  alertness  and  self-reliance.  The^ 
flight  was  swift,  and  because  of  light-conditions  also,  was  difficult/ 
to  follow.  At  rest  they  were  fairly  conspicuous.  When  one  flew  at 
my  approach  I  stood  still  and  began  examining  the  possible  destina- 
tions in  the  direction  of  its  flight,  and  thus  located  it." 

Variations. — The  smallest  males  are  from  Potoro  Landing,  followed 
in  order  by  those  from  Tumatumari,  Wismar  and  Rockstone.  The 
order  of  the  females  by  size  from  the  smallest  is  not  the  same,  owing 
perhaps  to  there  being  but  a  single  specimen  of  this  sex  from 
Rockstone,  viz.:    Tumatumari,  Rockstone,  Wismar. 

The  most  remarkable  variation  in  this  species  is  in  the  number 
of  cubito-anal  cross-veins,  which  varies  from  1  to  4  on  the  front  wings 
and  from  1  to  5  on  the  hind.  Of  the  twenty  specimens  studied  only 
three  (all  males)  have  the  same  number  on  all  four  wings,  and  of 
these  three  two  have  2  cubito-anal  cross-veins  and  the  third  three. 
,  Two  other  specimens  (females)  agree  with  each  other  in  the  number 
and  arrangement  of  these  veins  on  their  four  wings,  leaving  fifteen 
out  of  the  twenty  no  two  of  which  are  exactly  alike  in  this  feature  when 
all  four  wings  are  considered.  The  remarkable  nature  of  this  varia- 
tion will  be  appreciated  when  it  is  recalled  that  in  the  great  majority 
of  the  Agrioninae  of  de  Selys  there  is  but  a  single  cubito-anal  cross- 
vein  on  each  wing.  The  conditions  found  in  the  present  .material  are 
summarized  in  the  following 

Table  II. 

Showing  the  Number  of  Wings  of  Twenty  Individuals  of  Dimeragrion 
percubiiale  having  the  Specified  Numbers  of  Cubito-anal  Cross-veins. 

(The  numbers  in  parentheses  are  those  of  the  wines  in  which  the  most  prox- 
imal of  th^se  cross- veins  is  situated  proximad  to  the  level  of  the  first  antenc^al. ) 


Right  frpnt  wing. 

Left  front  wing. 

Right  hind  wing. 

Left  hind  wing. 

1     with  1  cu-a  c-v 
13(1)   "    2    "     " 
5(1)   "    8    ''     " 
1         "    4    "     " 

3      with  1  cu-a  c-v 
11  (1)     "  2    "      " 
5  (4)     "  3    *'      " 
1  (1)     "  4    "     " 

2      with  1  cu-a  c-v 
10          "   2    "     " 

O              It     o      tt        tt 

2(1)    "  4    "      " 

0      with  1  cu-a  c-v 

8         '*    2    "     " 
8(3)    "    3    "      " 
3(2)    "    4    *'      " 
1(1)    "    5    "      " 

20(2) 

20(6)                         j20(l) 

20(6) 
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It  is  rather  curiouS;  although  at  present  insignificant,  that  the 
abnormality  of  having  a  cubito-anal  cross-vein  situated  proximad 
to  the  level  of  the  first  antenodal  should  be  more  frequent  on  the 
left  side  in  both  the  front  and  the  hind  wings. 

The  specific  name  proposed, .  percubiiale,  is  in  allusion  to  the 
unusual  numbers  of  cubito-anal  cross-veins. 
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The  Species  of  Nehalennia  (Odonata)^ 

Indnding  one  from  the  eastern  United  States  hitherto  undescribed. 
By  Phiup  p.  Calvert,  Ph.D., 
University  of  Pennsylvania,  Philadelphia,  Pa. 
The  genus  Nehalennia  was  established  by  de  Selys  in  1850 
for  the  European  Agrion  ^peciosum  Charp.  In  his  S}mopsis 
of  the  l^on  Agrion  in  1876  he  included  within  Nehalennia 
the  following  seven  species:  atrinuchalis  Selys  (Shanghai), 
speciosa  Charp.  (Europe),  irene  Hagen  (United  States), 
Sophia  Selys,  1876  (Province  of  Minas,  Brazil),  posita  Hagen 
(United  States),  denticollis  Burm.  (Mexico),  and  lais  Selys 
(Mexico).  In  1895  Morse  described  N.  gracilis  from  Massa- 
diusetts.  Calvert  removed  denticollis  to  Ischnura  Charp.  in 
1898  and  lais  to  Anisagrion  Selys  in  1902.  In  1903  Needham 
transferred  posita  to  Ischnura.  Five  described  species  thus 
remain  in  Nehalennia,  References  to  the  literature  are  given 
in  the  catalogues  of  Kirby  and  of  Muttkowski.  Dr.  E.  M. 
Walker  has  just  published  the  differentials  of  the  larvae  of 

N.  irene  and  gracilis.* 

» 

♦Can.  Ent.,  XLV,  p.  61,  pi.  I,  fi^s.  1-3.  June,  1913. 
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Some  years  previous  to  1908  I  had  ascertained  the  presence 
of  another  species  of  this  genus  in  the  United  States  and  had 
noted  the  principal  characters  distinguishing  it  from  irene, 
gracilis  and  speciosa.  On  this  basis,  I  included  in  my  notes, 
furnished  to  the  late  Prof.  John  B.  Smith  in  1909,  for  the 
List  of  New  Jersey  Insects  then  in  preparation,  the  record 
of  one  female  from  Malaga,  N.  J.,  June  27,  1908,  by  Mr. 
V.  A.  E.  Daecke  as  Nehalennia  integricollis  Calv.*  My  ab- 
sence for  a  year  in  Costa  Rica  speedily  followed  and  the  pub- 
lication of  the  description  of  integricollis  was  forgotten,  so 
that  the  name  has  remained  a  nomen  nudum,  A  recent  in- 
quiry by  Mr.  W.  T.  Davis  as  to  the  place  of  description  has 
recalled  the  matter  to  my  mind,  hence  the  present  paper. 

The  species  of  Nehalennia  are  summarized  in  the  follow- 
ing synopsis:  two  of  them,  atrinuchalis  Selys  and  selysii 
Kirby  (Cat.  Odon.,  1890,  p.  147,  for  sophia  Selys  1876;  nee 
Sophia  Selys  1840  =  speciosa  Charp.,  1840),  are  known  to  me 
by  descriptions  only. 

I.  Hind  margin  of  prothorax  convex,  entire  or  nearly  so  ^  9.  Super- 
ior appendages  $  longer  than  inferiors. 

Thoracic  dorsum  dull  metallic  green  reaching  laterad  to  beyond 
the  humeral  suture,  with  reddish  humeral  and  antehumeral 
lines.  Three  antenodal  cells.  ^Abd.  segs.  8  and  9  blue,  10 
black  dorsally,  its  hind  margin  broadly  and  shallowly  concave; 
superior  appendages  subcorneal,  a  little  recurved  toward  each 
other  as  if  compressed.  9  Abd.  segs.  8  and  9  bronze 
dorsally.  Abd.  male  20-22,  female  22;  hind  wing,  male  13, 
female  16  mm.    (From  de  Selys'  description.).. atrinuchalis 

Thoracic  dorsum  metallic  green  to  beyond  the  humeral  suture 
which  often  has  a  short  pale  stripe  on  its  upper  and  another 
on  its  lower  end.  Three  antenodal  cells.  $  Abd.  seg.  8  dark 
metallic  blue  or  metallic  green  with  a  pale  blue  mid-dorsal 
spot  on  the  posterior  third  to  half  and  the  sides  inferiorly  pale 
blue;  9  chiefly  pale  blue,  a  broad  dark  metallic  green  or 
metallic  blue  band  each  side  in  proximal  two-thirds;  10  pale 
blue,  its  hind  dorsal  margin  cleft  in  the  middle,  a  short  process 
directed  upward  and  caudad  on  each  side  of  the  cleft,  each 
process  spinulose  at  tip,  margin  otherwise  not  spinulose ;  super- 
ior appendages  increasing  in  thickness  to  the  apex  when  seen 

*  Ann.  Rep.  N.  J.  State  Museum  1909,  p.  75.    Trenton,  N.  J.  1910. 
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in  profile  view.  9  Abd.  segs.  8-10  colored  similarly  to  those 
of  the  $  but  the  blue  on  the  dorsum  of  8  often  reaching  far- 
ther toward  the  base  and  the  lateral  band  on  9  farther  poster- 
iorly.  Abd.  male  20-23,  female  19-22;  hind  wing,  male  13-14, 

female  14-15  mm speciosa 

Thoracic  dorsum  bronze  black  not  reaching  as  far  laterad  as  the 
humeral  suture  which  bears  a  black  line.  Three  antenodal 
cells.  $  Abd.  segs.  8-10  pale  blue  with  a  bronze  bilobed  dor- 
sal band  on  8  and  a  small  median  spot  on  9;  hind  margin  of 
10  forming  two  slightly  marked  festoons  each  bearing  5-6 
blackish  teeth;  superior  appendages  conical,  furnished  at  the 
base  with  an  internal  branch.  Abd.  24-25,  hind  wing  1 5-1 5.5 
mm.  9  unknown.  (From  de  Selys*  description.)  ..selysii 
Thoracic  dorsum  $  bronze  black  reaching  as  far  laterad  as  the 
humeral  suture  only  at  its  upper  sixth,  the  suture  itself  black, 
bordered  mesad  by  a  pale  stripe  one-fourth  as  wide  as  the 
mesepistemum  on  which  it  lies  and  reaching  upward  to  five 
sixths  of  the  length  of  the  suture;  of  $  metallic  green  reach- 
ing laterad  beyond  the  humeral  suture  which  has  a  fine  short 
yellow  line  on  its  upper  and  one  on  its  lower  end.  Three  ($) 
or  two  (9)  antenodal  cells.  $  Abd.  segs.  8  and  9  dark 
metallic  blue,  each  with  a  narrow  transverse  pale  line  at  base, 
interrupted  at  the  middle  on  8,  and  a  narrower  transverse  pale 
line  at  the  hind  margin,  sides  pale  blue  which  does  not 
show  in  a  dorsal  view  of  8  but  is  visible  in  a  dorsal  view  of 
9  especially  near  the  hind  end  of  the  segment,  no  longitudinal 
lateral  dark  bands  on  9;  10  pale  blue  with  a  little  black  at  the 
base  mid-dorsally,  its  hind  dorsal  margin  concave  in  the 
middle,  spinulose  on  each  side  of  the  emargination ;  superior 
appendages  decreasing  in  thickness  to  the  apex,  seen  in  profile 
view.  9  Abd.  segs.  8  and  9  dark  metallic  blue-green,  no  pale 
dorsal  spots  on  8,  a  pale  blue  mid-dorsal  posterior  spot  on  9 
not  half  as  long  as  the  segment,  sides  inferiorly  and  10  pale 
blue,  the  last  with  some  traces  of  black  or  metallic  green  at 
the  extreme  base.    Abd.   $   21,   9    18.5-20;  hind  wing,   $    13, 

9    13-13.5  mm integricollis  n.  sp. 

II.  Hind  margin  of  prothorax  emarginated  9,  entire  and  convex  $. 
Superior  appendages  $  equal  to,  or  shorter  than,  the  inferiors. 
Hind  dorsal  margin  of  abd.  seg.  10  of  $  cleft  in  the  middle,  spinu- 
lose on  each  side  of  the  cleft.  Thoracic  dorsum  metallic  green, 
reaching  laterad  to  beyond  the  humeral  suture  which  is  often  marked 
as  above  stated  for  speciosa.    Three  antenodal  cells. 

Hind  margin  of  prothorax  of  9  bilobed,  but  in  front  of  the  cleft 
separating  the  two  lobes  is  a  small  more  nearly  erect  process 
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which  partly  fills  the  cleft  when  the  prothorax  is  viewed  from 
in  front,  a  median  pair  of  slender  approximated  mesothoracic 
processes  just  behind  the  prothorax.  S  Abd.  seg.  8  blue  with 
a  transverse  dorsal  basal  black  or  metallic  green  line  or  nar- 
row stripe,  9  and  10  entirely  pale  blue;  superior  appendages 
nearly  as  long  but  not  as  high  as  the  inf.  apps.,  seen  in  profile 
view.  9  Abd.  seg.  8  pale  blue  with  a  transverse  basal  stripe 
and  a  lateral  band  reaching  caudad  therefrom  dark  metallic 
green  or  black,  or,  the  dorsum  of  8  almost  entirely  blue- 
black,  sides  inferiorly  pale  (i9),  9  blue  with  a  triangular 
black  band  each  side  in  proximal  half  of  segment,  10  en- 
tirely blue.  Abd.  $  9  20-22;  hind  wing  $  I3-I4.5* 
9   14-16  mm gracilis 


N.  trtne. 


N,  gracilis. 


N,  integticottis. 


N,  speciosa. 


Pin.  1-4,  hind  part  of  prothorax  of  females  viewed  from  in  front  and  a  little  above, 
the  headof  each  •pecimen  having  been  removed  to  see  the  prothorax  clearly ;  the  dotted 
lines  show  the  boundaries  of  the  median  meullic  green  and  the  lateral  pale  green  or 
yellow.  Pigs.  5-8,  dorsal  views  of  abdominal  segment  10  and  appendages  of  males. 
Pigs,  o-ia,  profile  views,  right  side  of  the  same.  AH  the  figures  drawn  to  the  same  scale 
wiUi  the  camera  ludda.  specimens  illuminated  by  direct  sunlight. 

N  irene,  9,  Lehigh  Gap,  Pennsylvania,  July  13, 1900;  <^,  Berlin,  New  Jersey,  July 
17,  1895.  N.  gracilis^  ?,  Lehigh  Gap,  Pa.,  June  29,  1897;  <f,Sherbom,  MassachusetU, 
June  24,  1895  (co-type  of  Morse).  N.  integ^ricoUis  n.  sp.,  9,  Enterprise,  Pla.,  April  x8, 
i8q6  (type);  cf«  Haulover,  Pla.,  March,  ^v:  speciosa,  9  (f,  Robenhausen, Switzerland, 
July  3, 1904. 

Hind  margin  of  prothorax  of  9  trilobed,  no  slender  mesothor- 
acic processes  as  described  for  gracilis  but  the  mesostigmal 
laminae  are  larger  and  more  projecting  than  in  that  species. 
^  Abd.  seg.  8  dark  metallic  green,  a  mid-dorsal  spot  on  the 
posterior  fourth  or  less  and  the  sides  inferiorly  pale  blue,  9 
pale  blue  with  a  triangular  dark  metallic  green  spot  on  each 
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sid«  of  dorsum  in  its  proximal  half  or  more,  10  pale  blue  with 
a  metallic  green  spot  each  side  of  dorsum  at  base;  superior 
appendages  much  smaller  than  the  inferiors,  each  of  the  latter 
with  two  black-tipped  hooks.  9  Abd.  segs.  8  and  9  dark  metal- 
lic green,  sides  inferiorly  pale,  9  with  a  mid-dorsal  anteapical 
pale  blue  spot,  or,  more  rarely,  8  and  9  colored  as  in  the  male, 
10  as  in  the  male.  Abd.  male  20-23,  female  20-22.5;  hind  wing 
male  13-15.5,  female  14-15  mm Irene 

Of  Nehalennia  integricollis  I  have  seen  five  females  from 
Florida,  one  from  Thomasville,  Georgia,  April  28,  1903,  by 
Mr.  Morgan  Hebard,  and  the  one  from  Malaga,  New  Jersey, 
mentioned  above.  Of  the  five  Florida  females,  one,  the  type 
of  the  species,  is  from  Enterprise,  April  18,  1896,  by  Mr. 
Philip  Laurent;  it  is  the  specimen  cited  in  Ent.  News,  vii, 
p.  302,  as  N.  Irene  Hag.;  two  others,  exact  locality  not  re- 
corded, are  due  to  Dr.  D.  M.  Castle  in  1903  (cf.  Ent.  News, 
xiv,  p.  244) ;  a  fourth,  *Tla.  exchange,"  has  long  been  un- 
identified in  the  collection  of  the  Academy  of  Natural  Sciences 
of  Philadelphia,  while  the  fifth,  from  Enterprise,  May  17, 
belongs  to  the  Museum  of  Comparative  Zoology,  Cambridge, 
Mass.  Excepting  this  last,  these  females  are  in  the  collection 
of  the  Academy  named. 

The  single  male  referred  to  this  species,  from  Haulover, 
Florida,  in  March  (Museum  of  Comp.  Zool.),  may  not  be 
conspecific  with  these  females,  as  the  extent  of  dark  colora- 
tion on  the  thoracic  dorsum  and  the  number  of  antenodal 
cells  are  different,  as  has  been  indicated  above.  It  resembles 
the  description  of  N.  selysii  Kirby  {sophia  Selys  1876)  in 
many  respects,  but  is  smaller,  has  the  proximal  and  distal 
sides  of  the  pterostigma  nearly  parallel  (proximal  side  more 
oblique  than  the  distal  in  selysii),  the  posterior  or  inferior  side 
of  the  quadrilateral  of  front  wing  more  than  twice  as  long 
as  the  anterior  or  superior  side  ("Pinferieur  moitie  plus  long 
que  le  superieur"  in  selysii),  labrum  with  a  transverse  basal 
black  band  ("un  point  median  enfonce''  in  selysii),  nasus  en- 
tirely black.  The  abdomen  is  not  fully  colored,  3-6  being  of 
a  pale  brown  with  a  narrow  transverse  basal  pale  blue  ring; 
other  differences  in  abdominal  coloring  may  be  seen  from  the 
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above  synopsis.  The  appendages  may  be  qnite  similar  to 
those  of  selysii.  The  known  habitats  of  the  two  forms  are 
far  apart. 

It  will  be  noticed  that,  in  spite  of  its  geographical  distribu- 
tion, integricollis  is  nearer  structurally  to  the  European  and 
Brazilian  species  than  to  the  two  already  known  from  the 
United  States. 

Dr.  F.  Ris,  within  recent  years,  has  described*  color  vari- 
eties in  Swiss  specimens  of  N.  speciosa  which  may  possibly 
indicate  a  color  dimorphism  or  pol)anorphism  among  the  fe- 
males analogous  to  that  known  in  Ischnura,  In  this  connection 
it  is  of  interest  to  note  that  I  found  a  single  female  of  N.  irene 
from  Manchester,  Maine,  June  12,  1899,  by  Miss  Mattie 
Wadsworth  (now  in  the  collection  of  Mr.  E.  B.  Williamsonf) , 
which  has  abdominal  segments  8  and  9  colored  as  in  the  male 
of  irene  and  unlike  the  majority  of  females  as  stated  above. 
The  alternative  coloring  of  segment  8  in  the  female  of  gracilis 
mentioned  above  is  seen  in  one  specimen  trom  lona,  New 
Jersey,  July  13,  1902  (Daecke). 

The  transferrence  of  species  from  Nehalennia  to  Ischnura, 
mentioned  in  the  first  paragraph  of  this  paper,  indicates  the 
difficulty  of  sharply  distinguishing  these  two  groups.  Even 
now  it  does  not  appear  to  be  possible  to  give  any  one  char- 
acter which  will  invariably  separate  them.  The  following 
statement  may  be  of  assistance: 

Nehalennia.  Prevailing  color  of  dorsum  metallic  green. 
Second  joint  of  antenna  black,  its  middle  third  pale.  Pale 
color  on  postero-superior  part  of  head  forming  a  transverse 
line  whose  extremities  are  not  enlarged  (except  in  ?  inte- 
gricollis male).  M2  on  the  hind  wings  separating  from  Mi 
more  often  nearest  the  fourth  postnodal.  Males  without  an 
elevated,  bifid,  dorsal  process  on  abdominal  segment  10  (ap- 

*  Farbenvarietaten  der  Agrionide  Nehalennia  speciosa  Charp.  Mitt, 
schweiz.  entom.  Gesell.  XI,  pp.  159-165,  1906.  Very  recently  this  species 
has  also  been  discovered  in  Asia  by  Bartenef,  Zool.  Anz.  xxxv,  p.  278, 
1910;  Ann.  Mus.  Zool.  Acad.  Imp.  Sci.  St.  Petersb.  xvi,  p.  447,  1912. 

t  Mr.  Williamson  kindly  placed  his  collection  of  Nehalennia  at  my 
disposal  for  study. 
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proach  thereto  in  speciosa),  stigmata  of  front  and  hind  wings 
similar  in  size,  diape  and  color.  Females  without  a  vulvar 
spine. 

Ischnura.  Prevailing  color  of  dorsum  not  metallic  green. 
Second  joint  of  antenna  otherwise  colored.  Pale  color  on 
postero-superior  part  of  head  forming  two  round  or  cunei- 
form postocular  spots  sometimes  united  by  a  transverse  line. 
M2  on  the  hind  wings  separatmg  from  Mi  more  often  near- 
est the  third  postnodal  (except  in  /.  erratica,  /.  cetvtUa,  I.  im- 
ormata  and  possibly  others).  Males  with  an  elevated,  usually 
bifid,  dorsal  process  on  abdominal  segment  lo,  stigmata  of 
front  and  hind  wings  dissimilar  in  color,  size  or  both  (dis- 
similarity slight  in  /.  posita).  Females  with  or  without  a 
vulvar  spine,  in  some  cases  even  in  the  same  species. 
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The  Tnie  Malt  of  Nehmlennia  inttgricoUk  fttid  H.  paUMuk,  n.  •p. 

(Odon.). 

In  describing  Nehaiennia  integricollis  in  the  News  for  July  last,  page 
312,  from  a  female  type,  a  male  from  Haulover,  Florida,  was  doubt- 
fully referred  to  this  species  and  the  differences,  other  than  sexual,  be- 
tween it  and  the  type  were  pointed  out,  page  314.  On  June  27  and  July 
2,  at  Malaga,  New  Jersey,  1  obtained  three  pairs  of  integricollis  and  a 
number  of  other  individuals  of  both  sexes.  The  males  so  obtained  are 
the  true  integricollis,  are  much  like  the  females  in  color,  and  conse- 
quently quite  different  from  the  Haulover  male.  To  the  Haulover 
male  a  new  name  must  therefore  be  assigned,  and  ?ALtiDULA,  in  allusion 
to  the  narrower  metallic  green  area  of  the  thoracic  dorsum  is  sug- 
gested; figures  7  and  11,  page  313,  illustrate  the  appendages  of 
Pallidula  male. 

Some  additional  notes  on  integricollis  follow.  The  words  "Superior 
appendages  S  longer  than  inferiors,"  must  be  stricken  out  of  the 
character  of  group  I,  page  311,  as  in  true  integricollis  $  the  superior 
appendages  are  not  longer  than  the  inferiors,  although  this  is  the  case 
in  atrinuchalis,  speciosa,  selysii  and  pallidula. 

In  the  recently  killed  integricollis  $  the  eyes  are  olive  green  above  be- 
coming bluish-green  on  the  middle  third  and  yellowish-green  below. 
Genae  below  the  level  of  the  base  of  the  antetmae  very  pale  blue  and 
a  slender  finger-like  prolongation  of  this  color  runs  upward  each  side 
into  the  dark  metallic  green  of  the  rear  of  the  head.  The  anterior 
surface  of  the  frons,  the  rhinarium,  the  bases  of  the  mandibles  and 
the  labrum  are  pale  bluish,  the  last  with  a  transverse  basal  black  stripe. 
The  pale  transverse  occipital  line  not  enlarged  at  its  extremities.  The 
sides  of  the  thorax  and  of  jtbdominal  segments  1-7  or  8  greenish- 
yellow,  or  in  the  tenerals  pinkish. 

In  the  recently  killed  $  integricollis  the  eyes  are  blue-black  above 
and  become  increasingly  paler  blue  to  the  under  surface.  The  re- 
mainder of  the  head  is  colored  as  in  the  9  described  above.  The  me- 
tallic green  of  the  dorsum  of  body  generally  (includ- 
ing the  head),  is  darker  than  in  the  $  owing,  partly 
at  least,  to  the  admixture  of  more  purple.  Thoracic 
dorsum  metallic  green  reaching  laterad  beyond  the 
humeral  suture  as  in  the  $  .  Sides  of  the  thorax  and 
of  abdominal  segments  1-6  pale  bluish,  of  7  and  8  yel- 
lowish, or  of  8  bluish.  Dorsum  of  abd.  seg.  8  dark 
metallic  green  with  no  pale  dorsal  spots;  9  and  10 
blue,  9  with  a  metallic  green  stripe  on  each  side  of 
dorsum  reaching  from  base  (where  they  are  narrowly 
confluent  with  each  other)  one-half  to  two-thirds  way 
to  the  hind  end,  10  with  a  transverse  basal  black  line. 
Hind  dorsal  margin  of  10  cleft  in  the  middle  and  spinulose.    Appen- 
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dages  as  shown  in  the  accompanying  figures,  resembling  those  of 
irene  and  gracilis  (cf.  page  313).  The  male  is  like  the  9  also  in  hav- 
ing tzvo  antenodal  cells.    Abd.  18.5-19.5,  hind  wing  11.5-12.5  mm. 

In  the  teneral  S  the  pale  colors  of  the  body  including  the  eyes  are 
pale  violaceous. 

The  type  of  this  description  of  integricollis  $  is  now  in  the  collec- 
tion of  the  Academy  of  Natural  Sciences  of  Philadelphia. 

N,  integricollis  was  taken  at  Malaga,  on  the  dates  mentioned,  at  the 
southwest  corner  of  the  pond  made  by  damming  Scotland  Run,  a 
branch  of  the  Maurice  River.  It  was  flying  among  the  abundant  pick- 
erel weeds  (Pontederia  cordata,  var.  angustifolia)  and  white  water 
lilies  (Castalia)  then  in  bloom  and  was  associated  with  Telagrion 
daeckii  and  numerous  Ischnura  posita,  while  Pachydiplax  longipennis 
and  Libellula  incesta  flew  above. 

Philip  P.  Calvert. 
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OBITUARY. 

Dr.  Horace  Jayne. 

( Portrait,  Piale  XII  ) 

Dr.  Horace  Jayne,  at  one  time  actively  interested  in  the 
study  of  the  Coleoptera,  died  at  Wallingford,  Pennsylvania, 
near  Philadelphia,  on  Tuesday,  July  8,  1913,  in  his  fifty-fifth 
year. 

He  was  a  son  of  Dr.  David  Jayne  and  was  bom  in  Philadel- 
phia, March  17,  1859,  graduated  from  the  College  of  the  Uni- 
versity of  Pennsylvania  in  1879  and  from  the  Medical  School 
of  the  same  in  1882.  After  studies  at  the  universities  of  Leip- 
zig, Jena  and  Jchns  Hopkins,  he  returned  to  that  of  Pennsyl- 
vania, where  he  became  assistant  instructor  in  Biology  and  pro- 
fessor of  Vertebrate  Morphology,  1884-1894.  He  took  an  ac- 
tive part  in  the  founding  of  the  School  of  Biology,  serving  as 
secretary  of  the  Faculty  thereof,  1884- 1889,  Dr.  Joseph  Leidy 
being  director  of  the  school.  In  1889  Dr.  Jayne  became  Dean 
of  the  College  Faculty,  and  in  1892  of  that  of  the  Department 
of  Philosophy  also,  holding  both  positions  until  1894.  From 
that  year  until  1905  he  was  professor  of  Zoology  and  director 
of  the  Wistar  Institute  of  Anatomy  and  Biology  of  the  same 
university.  In  later  years,  until  1909,  he  took  an  active  edi- 
torial interest  in  the  Journal  of  Morphology,  the  Anatomical 
Record  and  the  Journal  of  Experimental  Zoology, 

His  zoological  activities  for  the  last  thirty  years  of  his  life 
were  mainly  concerned  with  the  mammals,  and  his  chief  work 
was  Mammalian  Anatomy,  A  Preparation  for  Human  and 
Comparative  Anatomy.  Part  I.  The  Skeleton  of  the  Cat,  its 
Muscular  Attachments,  Growth  and  Variations,  compared 
with  the  Skeleton  of  Man  (Philadelphia,  J.  B.  Lippincott  Co., 
1898),  a  stout  octavo  volume  of  836  pages  and  over  500  origin- 
al illustrations.  This  volume  was  intended,  to  quote  from  the 
preface,  as  "the  first  of  a  series  which  aims  to  present  a  more 


Digitized  by  VjOOQIC 


384  ENTOMOLOGICAL    NEWS  [Oct., '13 

accurate  and  more  ccwnprehensive  description  of  the  structure 
of  a  typical  mammal  than  has  been  hitherto  attempted."  No 
other  volume  appeared,  however. 

In  a  brief  notice  which  he  read  on  April  lo,  1895,  at  a  me- 
morial meeting  for  his  university  colleague,  John  A.  Ryder, 
Dr.  Jayne  refers  to  his  own  work,  "in  arranging  part  of  the 
collections  of  the  [American]  Entomological  Society"  at  a 
time  when  he  first  made  Ryder's  acquaintance.  This  must 
have  been  about  1876.  He  became  a  member  of  the  Society 
August  9,  1875,  in  the  year  before  that  body  came  to  occupy 
quarters  in  the  building  of  the  Academy  of  Natural 
Sciences.  His  association  here  with  Drs.  LeConte  and  Horn 
is  indicated  in  the  opening  paragraphs  of  his  two  Coleoptero- 
logical  articles.  Descriptions  of  some  monstrosities  observed  in 
North  American  Coleoptera  (Trans.  Amer.  Ent.  Soc.  VHI, 
pp.  155-162,  pi.  IV,  June,  1880)  and  Revision  of  the  Dermesti- 
d(ie  of  the  United  States  (Proc.  Amer.  Philos.  Soc.  XX,  pp. 
343-377,  pis.  1-4,  August  18,  1882).  The  latter  paper  is  the 
more  pretentious,  and  in  it  the  author  says:  "The  arrange- 
ment of  genera  is,  substantially,  that  already  well  known,  save 
only  the  necessary  alterations  incident  to  the  introduction  of 
two  new  genera,  [Acolpus  and  Axinocerus].  The  specific 
classification  is  almost  entirely  original."  Three  new  species 
of  Attc^enus,  one  of  Acolpus,  two  of  Trogoderma,  one  of 
Axinocerus,  were  described.  In  both  of  these  papers  the  au- 
thor's name  appears  as  Horace  F.  Jayne,  but  he  dropped  the 
"F."  in  later  years. 

Dr.  Jayne,  in  virtue  of  his  position  as  secretary  of  the  Fac- 
ulty of  Biology  of  the  University  of  Pennsylvania,  in  1888, 
will  ever  be  associated  in  my  memory  with  the  happy  beginnings 
of  my  own  collegiate  studies  in  zoology  and  with  his  willing 
assumption  of  the  task  of  major  examiner  for  the  doctor's  de- 
gree, a  post  made  suddenly  vacant  by  the  death  of  Ryder. 
Those  kindly  recollections  have  remained  unclouded,  and  it  is 
with  genuine  sorrow  that  this  brief  notice  is  written  in  some 
slight  acknowledgment  of  him  who  has  passed  away. 

P.  P.  C. 
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Studies  on  Costa  Rican  Odonata« 

V.   The  Waterfall-Dwellers:  Thaumatoneura  imagos  and  possible 
male  dimorphism. 

By  Philip  P.  Calvert,  Ph.D.,  University  of  Pennsylvania, 
Philadelphia,  Pa. 

(Plate  XIV.) 

History. 
In  June,  1897,  the  late  Robert  McLachlan,  of  London,  de- 
scribed a  new  and  remarkable  dragonfly  under  the  name 
Thaumatoneura  inopinata.  He  introduced  his  description 
with  these  words :  "At  the  recent  sale  of  the  collections  form- 
ed by  the  late  Mr.  Reginald  Cholmondeley,  of  Condover  Hall, 
Shrewsbury,  I  obtained  the  few  Odonata,  solely  on  account 
of  a  large  Calopterygine,  which  was  evidently  something  un- 
known, but  the  remarkable  nature  of  which  I  did  not  fully 
realize  until  after  it  came  into  my  possession.  The  former 
owner  of  the  collection  valued  insects  and  other  natural  pro- 
ductions, solely  for  their  beauty  or  forms,  and  cared  little  for 
names,  and  nothing  for  localities,  so  I  am  unable  to  say  whence 
this  specimen  came;  but  as  the  pin  (or  rather  skewer!)  was 
similar  to  those  used  for  some  other  insects  in  the  same  col- 
lection which  were  Chinese  or  Japanese  in  origin,  I  hazard  a 
conjecture  that  it  may  belong  to  the  same  region."    In  August, 
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1900,  however,  he  was  able  to  state  that  this  insect  belonged 
to  the  New  World,  as  M.  Martin  possessed  a  specimen  from 
Qiiriqui,  in  Panama. 

About  1903  Mr.  C.  F.  Underwood  collected  at  Carrillo, 
Costa  Rica,  six  males  of  Thaumatoncura  and  sent  them  to 
London,  where  they  were  acquired  by  Dr.  F.  D.  God- 
man,  and  sent  to  me  for  study.  Four  of  the  six  were  the 
inopinata  of  McLachlan  with  the  middle  of  each  wing  crossed 
by  a  broad,  dark  brown  band.  The  other  two  had  the  wings 
uncolored,  wherefore  they  received  the  name  Thauma- 
toneura  pellucida  (Calvert,  1904). 

On  June  23,  1909,  the  first  day  of  our  first  stay  at  Juan 
Vifias,  Costa  Rica,  our  lepidopterological  friends,  Messrs. 
William  Schaus  and  J.  Barnes,  gave  us  some  Odonata  which 
they  had  taken  there  for  us,  including  some  males  of  both 
inopinata  and  pellucida  and  two  female  Thaumatoneurae,  so 
different  from  the  males  that  it  was  impossible  to  determine 
to  which  of  the  two  species  they  should  be  referred ;  they  had 
the  tips  of  all  the  wings  dark  brown.  Thereafter,  Thauma- 
toncura became  for  us  one  of  the  principal  attractions  of  Juan 
Vinas,  that  delightful  spot  which,  as  readers  of  the  News  are 
already  aware,  furnished  us  with  the  remarkable  larvae  of 
Cora,  of  Mecistogaster  modestus,  and  of  other  species  still 
to  be  described. 

Habitats  and  Habits. 

Of  all  the  localities  in  Costa  Rica  which  we  visited,  Juan 
Vinas  was  the  only  one  where  we  ever  saw  Thaumatoncura^ 
We  were  not  at  Carrillo,  but  in  many  respects  the  Odonate 
fauna  of  this  place,  judging  from  Mr.  Underwood's  collection 
recorded  in  the  Biologia  Ccntrali- Americana,  is  very  similar 
to  that  of  Juan  Vinas.  The  former  is  on  the  northern,  th^ 
latter  on  the  southeastern  slope  of  the  volcano  Irazu  and  their 
respective  altitudes  are  300  and  1040  metres  (980  and  3400 
feet).  Thaumatoncura  must  surely  live  in  still  other  places 
in  Costa  Rica. 

In  our  experience  Thaumatoncura,  as  adult  or  as  larva, 
was  never  more  than  a  few  yards  distant  from  a  waterfall  and 
was  most  abtaidant  within  its  spray.    The  sides  of  the  canyon 
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of  the  Rio  Reventazon  at  Juan  Vinas  descend  steeply  from 
1 200  to  760  metres  (4000  to  2500  feet)  at  the  river,  and  down 
the  canyon  side  tumble  many  small  streams  and  rivulets,  of- 
ten in  cascades  and  in  falls  of  different  heights.  Where  there 
is  slant  enough  the  wet  rocks  nearby  are  draped  with  mosses, 
maiden  hair  ferns,  begonias,  dwarf  Selaginellas,  Tradescan- 
tias,  a  Streptocarpus-Mke  plant,  etc.,  or  in  quieter  more  shel- 
tered places  are  Melastomes  (Miconia),  Commelina,  etc. 
Only  at  three  such  falls  did  we  ever  observe  Thaumatoneura, 
two  of  them  at  altitudes  of  about  3300  feet,  the  third  at  about 
2500  feet.  They  were  most  abundant  on  the  whole  at  one  of 
the  former  two  falls,  one  whose  perpendicular  height  was  the 
greatest  of  the  three,  perhaps  200-300  feet.  We  were  puzzled 
why  these  insects  should  not  be  found  also  at  other  streams 
under  generally  similar  conditions.  An  explanation  of  their 
absence  from  one  of  these  streams,  the  little  Rio  Naranjo,  is 
suggested  in  our  diary:  "At  the  Naranjo  I  saw  a  number  of 
lizards  from  two  inches  to  a  foot  in  length  and  these  possibly 
keep  down  the  number  of  insects.  At  our  two  waterfalls 
[i,  e,  where  we  frequently  found  Thaumatoneura]  we  have 
seen  no  lizards." 

We  observed  the  imagos  of  Thaumatoneura  in  June  (23-28), 
July  21  to  August  3,  September  28  and  29,  when  there  was 
an  evident  decrease  in  their  numbers ;  October  i  and  Decem- 
ber 2,  1909.  In  February  (14-18),  and  March  (21),  1910, 
none  could  be  found,  but  they  were  again  visible  in  April.  In 
June,  1909,  the  males  of  pellucida  appeared  to  be  less  numer- 
ous than  those  of  inopinata.  All  the  males  of  Thaumatoneura 
observed  in  July  were  pruinose,  but  two  teneral  females  were 
taken  on  August  i. 

"Males,  at  least,  often  remain  on  the  same  spot  for  a  long 
time  without  moving — I  should  say  for  half  an  hour  or  longer. 
Females  seem  less  persistent,  but  one  I  timed  was  ten  minutes 
on  the  same  bit  of  twig.  Except  in  pairing  males,  the  wings 
of  both  sexes,  when  at  rest,  are  held  in  the  vertical  position, 
folded  together  but  every  now  and  then  an  individual  will  open 
and  then  .close  its  wings  once  or  several  times  in  succession." 
"Standing  at  the  bottom  of  the  waterfall  and  looking  up 
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through  the  spray  and  over  the  vegetation  which  carpets  the 
almost  perpendicular  rocks,  I  could  see  the  Thaumatoneuras — 
two  species  {inopinata  and  pellucida) — fluttering  through  the 
spray,  chasing  each  other  or  alighting  upon  the  rocks  and 
plants.  So  heedless  of  the  spray  are  they  that  it  gathers  in  lit- 
tle drops  on  the  wings  or  hangs  suspended  from  the  hind  end 
of  the  body."    (June  24,  1909). 

"At  the  farther  waterfall  was  one  male  each  of  T.  inopinata 
and  T,  pellucida.  I  stayed  here  fully  an  hour  during  which 
there  were  periods  of  bright  sunshine,  but  no  more  Thauma- 
toneuras came,  and  the  two  mentioned  remained  for  long 
periods  almost  motionless  on  twigs  until  I  caught  them."  (De- 
cember 2,  1909). 

Owing  to  the  habit  of  Thaumatoneura  of  spending  most  of 
the  time  over  vertical  wet  rocks,  the  capture  of  them  was  often 
only  possible  by  climbing  up  on  the  rocks  themselves,  or  by 
hanging  with  one  hand  to  some  long,  dangling,  nearby  root  or 
vine  and  with  the  other  sweeping  the  net. 

Pairing  of  T.  inopinata  was  observed  twice  on  June  24  and 
once  on  June  27 ;  of  T,  pellucida  once  on  July  30  and  again  on 
October  i.  Notes  made  at  the  time  on  the  behavior  of  inopin- 
ata are  to  the  following  effect :  The  male  seeks  and  flies  after 
the  female  and  seizes  her  by  her  prothorax,  his  superior  ap- 
pendages being  deeply  inserted  behind  her  prothorax  and  be- 
tween it  and  the  mesothorax,  while  his  inferior  appendages 
are  applied  against  the  dorsal  surface  of  her  prothorax  (this 
from  a  pair  which  I  caught  and  held  in  my  fingers).  After 
seizing  the  female,  the  male  probably  applies  the  ventral  sur- 
face of  his  ninth  abdominal  segment  to  the  ventral  surface  of 
his  second  abdominal  segment  to  charge  the  vesicle  of  the  lat- 
ter with  sperm ;  of  this  I  am  not  entirely  sure  as  I  think  I  saw 
it  but  once  and  the  operation  itself  occupies  very  little  time. 
Male  and  female  then  assume  the  usual  position  of  the  Odonata 
in  pairing.  Different  pairs  of  inopinata  require  different 
lengths  of  time  to  effect  the  attachment  of  the  female  to  the 
male,  one  pair  having  made  four  or  five  attempts  before  this 
was  accomplished,  another  pair  effecting  it  at  once.  In  cmo 
case  on  June  24,  1909,  where  I  did  not  see  the  actual  b^^in- 
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ning  of  mating,  it  was  3  P.  M. ;  in  the  other  case  it  began  at 
345  P.  M.  In  both  cases  the  male  held  his  wings  horizontal 
and  expanded,  the  female  had  hers  vertical  and  folded  together. 
At  the  end  of  ten  minutes  the  male  released  his  hold  of  the 
female  and  at  the  same  instant  folded  his  wings  together  into 
the  vertical  position.  The  female,  losing  her  attachment  by  her 
abdomen  to  the  male,  assumed  in  both  cases  a  position  about 
half  an  inch  below  the  male  resting  on  the  same  twig  or  rock 
on  which  he  was.  So  the  two  remained  for  about  four  minutes. 
In  the  first  case  male  and  female  then  flew  away  at  about  the 
same  instant,  but  not  together,  she  to  begin  egg-laying.  In  the 
second  case  the  female  flew  six  inches  or  so  away  and  began 
egg-la)ring  wliile  the  male  remained  for  at  least  ten  minutes  on 
the  same  spot  (projecting  rock)  on  which  the  pairing  had  oc- 
curred. In  the  case  of  June  27th,  after  pairing  the  male  flew 
away  leaving  the  female  resting  on  the  leaf  which  both  had 
occupied. 

No  pellucida  were  observed  pairing  in  June  and  the  males 
of  this  species  were  less  numerous  than  those  of  inopinata.  On 
July  30,  1909,  after  some  hours'  watching,  I  saw  a  male  pel- 
lucida and  a  female  fly  to  a  dead  branch  on  the  bank  or  side  of 
the  railroad  cutting  just  west  of  the  farther  waterfall  and 
about  twenty  feet  above  the  tracks.  There  was  no  doubt  that 
they  were  pairing,  so  it  was  highly  desirable  to  capture  them 
both.  The  steep  bank  was  composed  of  reddish  soil,  loose 
stones  and  soft  rock,  and  was  wet  from  the  rains.  I  climbed 
up  as  far  as  the  steepness  permitted,  but  the  distance  was  still 
too  great  for  the  length  of  my  net  stick.  After  two  attempts 
to  lengthen  it  with  branches,  which  chanced  to  be  lying  there, 
but  which  broke  under  the  weight  of  the  net,  the  umbrella  was 
utilized  for  this  purpose.  Again  I  climbed  the  bank,  but  the 
soft  earth  gave  way  and  collector,  net  and  umbrella  slid  swiftly 
and  separately  to  the  railroad  tracks.  A  second  attempt  had  the 
same  result.  A  third,  made  more  cautiously,  was  so  successful 
that  the  net  was  thrown  over  the  accommodating  pair  which 
had  lingered  for  at  least  ten  minutes  on  the  same  branch  and 
by  gently  dragging  the  net  down  over  the  bank  I  at  last  got  the 
insects  safe  into  my  hands.    Then  it  was  that  I  realized  for  the 
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first  time  that  this  female  was  so  like  the  females  which  we  had 
seen  and  taken  pairing  with  inopinaia  males  that  a  minute  com- 
parison would  be  necessary  to  determine  whether  there  was 
any  difference  between  them  or  not.  We  saw  no  other  pairs  of 
pellucida  until  October  i,  1909,  when  one  was  seen  and  obtain- 
ed at  the  same  waterfall. 

What  we  presumed  to  be  egg-laying  was  watched  in  three 
or  four  instances  on  June  24.  The  female  made  the  usual  ab- 
dominal movem^its  seen  in  the  Zygoptera  generally,  diat  is 
those  adapted  for  inserting  the  eggs  into  plant  substances. 
Some  of  these  movements  were,  however,  over  hard  rock  and 
it  seems  unlikely  that  any  eggs  were  placed  on  it.  At  other 
times  the  movements  were  made  against  moss  and  roots.  At 
times  the  female  had  her  abdomen  buried  to  half  its  length  in 
the  mass  of  wet  moss.  Pieces  of  roots  and  of  moss  in  which 
the  oviposition  had  apparently  been  made  were  carried  to  our 
room  at  Cartago  and  kept  in  water  for  months  but  we  never 
obtained  any  larvae  from  them.  The  ovipositing  female  is  not 
accompanied  or  followed  by  the  male.  Indeed  once,  on  June 
24,  a  female  flew  cbse  to  a  resting  male  without  attracting  any 
response  from  him. 

The  Female. 

We  have  three  females  of  Thaumatoneura  taken  while  pair- 
ing; one  is  that  taken  with  inopinata  male  on  June  27,  1909, 
the  other  two  taken  with  pellucida  males  on  July  30  and  Octo- 
ber I  respectively.  Nine  other  females  were  taken  singly.  All 
twelve  females  are  compared  in  the  accompan)ring  table  with 
respect  to  all  the  differences  which  I  have  been  able  to  detect 
between  the  female  of  June  27  (No.  9)  on  the  one  hand,  and 
those  of  July  30  (No.  11)  and  of  October  i  (No.  12)  on  the 
other.  It  will  be  seen  that  these  differences  are  very  slight  and 
that  the  positions  of  Nos.  9,  11  and  12  in  the  whole  series  are 
such  as  to  render  it  unlikely  that  females  of  inopinata  can  be 
distinguished  from  those  of  pellucida  by  any  of  these  features. 

Male  Dimorphism. 
This  apparent  lack  of  external  characters  separating  the  fe-* 
m^les  pairing  with  pellucida  males  from  that  pairing  with  in^ 


Digitized  by  VjOOQIC 


Vol.  XXV] 


EKTOUOLOGICAL  NEWS 


343 


z 

a 


i: 


?!:  s. 

1  P    2. 


51  7 


5a 


•Ik,  00  to  ^  M  16 

:  com:  00 08 

>.  00  09-^  MO* 

f"  09  00^00  08 


aw 


9 


z 

o 

•59 

H 

s 
> 
c 
se 
> 

H 

o 


I 


i*>'CO        4^ 

p    :  -  m:  0909 


Opco 


•^OOtOi* 


:  5»« 

<— »08  00-      ^ 


2:  J'?':  - 
<o«00  OO'^CiS' 


^00  00 


^£2 


ic 


:  00 »:  00- 

S    ^-ooco-^oo-** 


^      S 


•  5*1*     *  5* 

^^^00     -^00 
f*^   09     J*oa 


«-' 


^ooMi^co/e 

:  00 to:  00 00 


:  •«:  5*' 

S      >v00  00i-^095® 

r-co«»-  00 


h 


poeooo 
"Uoooo 


8    s    ii 


Ss 


:  ««:  co-^ 


ill 


^M 


-^  s  ;.«-•*  A.-00 


i$     s     s^ 


Digitized  by  VjOOQIC 


344  ENTOMOLOGICAL  NEWS  [Oct.,  '14 

opinata  male  suggests  the  query  as  to  whether  we  are  dealing 
with  two  or  one  species  here.  A  number  of  species  of  Odonata 
are  known  (not  to  mention  other  groups)  in  which  there  is  one 
form  of  male  and  two  forms  of  females  within  the  same  spe- 
cies. Such  are  members  of  the  genera  Ischnura,  Anontalagrion, 
Ceratura,  Agriocnemis  and  Neurothemis,  Erythrodiplax  urn- 
brata  and  funerea.  While  some  of  these  so-called  dimorphic 
females  are  explicable  as  due  to  differences  in  age,  others  can 
not  be  interpreted  in  that  way.  Can  Thautnatoneura  present 
an  inverse  case  in  which  there  are  two  forms  of  males  and  but 
one  form  of  female  in  the  same  species?  This  leads  us  to  con- 
sider the  differences  between  the  pellucida  and  inopinata  males. 

When  I  originally  described  pellucida  male,  I  could  find  only 
two  differences  between  it  and  inopinata  male.  One  of  these 
was  the  absence  of  any  coloring  on  the  wing,  the  other  the 
presence  of  "a  transverse  pale  citron  band  on  nasus  and  on 
f  rons  connecting  the  yellow  genal  spots,"  this  band  being  ab- 
sent in  inopinata  male.  The  pale  citron  of  dried  specimens,  I 
now  know,  is  pale  blue  in  life.  This  diversity  in  the  coloring 
of  frons  and  nasus  holds  true  for  the  majority  of  the  present 
examples,  but  of  the  fourteen  males  of  inopinata  two  have  the 
pale  band  very  well  marked  and  three  others  have  indications 
of  some  pale  color  on  these  parts.  All  fourteen  pellucida  males 
have  the  pale  band.  The  inopinata  males  are  slightly  larger, 
average  length  of  the  abdomen  58.7,  range  55-61  mm.;  hind 
wing,  average  47.6,  range  45-49  mm.  (14  specimens).  Pel- 
lucida :  Abdomen,  average  57.25,  range  52-61 ;  hind  wing,  aver- 
age 46.85,  range  44.5-49.5  mm.  (14  specimens).  I  have  not 
been  successful  in  finding  any  other  differences  in  the  imagos. 
There  is  no  reason  to  think  that  the  two  forms  represent  age 
differences  because  no  transitional  individuals  (so  far  as  the 
presence  or  absence  of  the  coloring  of  the  wings  is  concerned) 
have  been  found.  We  have  seen  both  forms  emerge  from  the 
larval  exuviae  at  metamorphosis,  and  both  forms  become 
equally  pruinose  on  the  body  although  so  markedly  different  in 
wing  coloring. 

The  seasonal  distribution  of  our  males  is  as  follows:    In- 
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opinata,  June  23,  6  males ;  June  24,  2  males ;  June  26,  i  male  ; 
June  27,  I  male;  July  21,  i  male;  July  27,  i  male;  December 
2,  I  male ;  May  2,  i  male.  Pellucida :  June  23,  i  male ;  June  24, 
2  males ;  June  26,  i  male ;  June  27,  i  male ;  July  22,  i  male ; 
July  27,  I  male ;  July  30,  i  male ;  August  3,  i  male ;  September 
28,  2  males ;  October  i,  i  male ;  December  2,  i  male ;  May  i,  i 
male.  This  list  gives  the  actualities,  not  the  possibilities,  of 
capture ;  on  many  occasions  the  insects  were  not  molested  as  we 
wished  to  observe  their  habits  and  behavior.  This  list  does  show 
that  both  forms  occur  at  the  same  times  and,  we  may  add,  at 
the  same  waterfalls. 

Among  our  exuviae  of  Thaumatoneura  we  have  one  from 
which  we  saw  ifiopinata  male  emerge,  another  from  which  pel- 
lucida male  emerged.  A  minute  comparison  of  these  two  ex- 
uviae has  failed  to  furnish  any  differences  other  than  those  due 
to  injuries  sustained  by  the  larvae  previous  to  transformation. 

A  definitive  answer  to  the  question  raised  on  page  344  as  to 
the  relationships  between  the  two  male  forms  of  Thauma- 
toneura to  each  other  and  to  the  apparently  single  form  of  fe- 
male, can  only  be  obtained  from  breeding  experiments.  As 
far  as  present  evidence  goes,  I  am  inclined  toward  the  dimor- 
phic male  hypothesis.  If  it  prove  to  be  true,  Thaumatoneura 
would  furnish  a  case  more  or  less  parallel  to  those  described  by 
Westwood  (1839)  for  certain  Staphylinidae,  Leuthner  (1885) 
for  Lucanidae,  and  Skinner  (1913)  for  Lycaena  pseudargiolus. 

Am)itional  Descriptive  Notes. 
Some  additional  notes  on  our  Juan  Vinas  material  of  Thau- 
matoneura are  added. 

Description  of  the  Colors  of  T,  pellucida  male,  taken  Dec  2,  1909. 

Description  made  immediately  after  death.  Eyes  dark  brown,  almost 
black.  Each  gena  with  a  round  yellow  spot  below  the  base  of  the 
antenna;  frons  between  the  right  and  left  yellow  spots  pale  blue  as 
also  is  the  nasus,  but  the  f  ronto-nasal  suture  has  a  black  line  and  black 
encroaches  on  each  side  of  the  nasus  from  below.  Thoracic  sutures 
and  mid-dorsal  carina  lined  with  orange-yellow.  A  short  occipital 
line,  four  small  spots  on  the  front  prothoracic  lobe  and  a  pair  of  mid- 
dorsal  spots  on  the  middle  prothoracic  lobe  are  also  orange-yellow. 

The  rest  of  the  body  is  black,  covered  with  pruinosity  on  labium, 
under  and  lateral  surfaces  of  thorax,  most  of  abdominal  segment  i,  a 
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large  part  of  the  dorsum  of  2,  a  transverse  basal  ring  on  3-7,  sides  of 
8,  much  of  9  and  10,  especially  on  the  dorsum. 

Legs  yellowish,  articulations  and  tarsi  blackish. 

The  colors  immediately  after  death  of  T.  inopinata  male,  also  taken 
December  2,  1909,  agreed  with  those  noted  above  for  pellucida,  in- 
cluding the  pale  colors  of  frons  and  nasus,  but  there  was  very  little 
pruinosity  except  on  the  ventral  surface  of  the  thorax  and  on  the 
posterior  abdominal  segments.  The  dark  band  on  the  wings  varies 
somewhat  in  width;  its  proximal  edge  is  at  the  nodus,  its  distal  edge 
at  the  costa  is  from  16  to  20  mm.  distad  on  the  front  wings,  from  21 
to  25  mm.  distad  on  the  hind  pair.  The  male  of  May  i,  however,  has 
the  proximal  edge  of  this  band  6  mm.  beyond  the  nodus  and  the  distal 
edge  at  21  and  26  mm.  from  the  nodus  on  front  and  hind  wings  re^ 
spectively;  the  costal  and  radial  spaces  between  nodus  and  the  prox- 
imal edge  of  the  band  are  more  or  less  brown. 

The  colors  of  the  body  of  Thaumatoneura  females  (dry,  I  have  no 
notes  on  living  colors)  are  as  in  inopinata  males.  In  none  of  them 
is  a  distinct  pale  band  on  frons  and  nasus  present,  such  as  can  be  seen 
plainly  on  the  dried  pellucida  males;  Nos.  2,  5,  6,  8,  10,  11  and  12,  of 
the  table  on  page  343,  show  traces  of  pale  color  on  these  parts.  The 
markings  at  the  tips  of  the  wings  are  shown  in  PI.  XIV,  Figs.  2,  4,  and 
the  dimensions  of  this  brown  area  are  given  in  the  table  just  quoted. 
Dorsum  of  abdominal  segment  10  with  a  median  longitudinal  carina; 
hind  margin  a  little  excised;  appendages  subequal  to  10  in  length, 
straight  or  nearly  so,  a  little  compressed,  tapering  to  an  acute  apex, 
black.  Ovipositor  proper  (gonapophyses  of  8  +  median  gonapophyses 
of  9)  reaching  caudad  not  as  far  as  the  level  of  the  hind  end  of  10, 
each  lateral  half  having  ten  to  twelve  obliquely  transverse  ridges  on 
its  external  (ectal)  surface  before  the  apex.  Genital  valves  (lateral 
gonapophyses  of  9)  reaching  caudad  beyond  the  level  of  the  hind  end 
of  10,  ventral  edge  of  each  in  its  caudal  half  hairy  and  denticulated, 
hind  end  emarginated,  valvular  process  attached  at  the  deepest  point 
of  the  concavity  and  directed  caudad  and  ventrad. 

The  variation  in  the  number  of  antenodals  is  as  follows,  the  num- 
bers giving  percentages  of  wings : 


Front  wings 

14  inopinata  cf 

i^  pellucida  cf 

12  Th.  9 

with  3 

67.87 

71.4 

70.83 

with  3  and  rudimentary  4th 

3.57 

3-57 

with  4 

28.57 

25.0 

25.0 

with  2 

4.16 

Hind  wings 

with  3 

75. 

71.4 

62.5 

with  3  and  rudimentary  4th 

3.57 

7.1 

with  4 

21.42 

17.85 

37.5 

with  5 

3.57 
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In  all  cases  the  "rudimentary  4th"  antenodal  is  a  small  stump  pro- 
jecting from  the  anterior  side  of  the  subcosta  toward,  but  not  reach- 
ing, the  costa. 

The  relationships  of  Thaumatoneura  have  been  discussed  by 
McLachlan  (1897),  Needham  (1903),  Foerster  (1909),  and 
the  writer  (1902,  191 3). 

The  larva  of  Thaumatoneura  will  be  described  in  the  next 
number  of  these  studies. 
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EXPLANATION  OF  PLATE  XIV. 

Figs.  I  and  2.  Male  Thaumatoneura  inopinata  and  female  taken 
pairing  at  Juan  Villas,  Costa  Rica,  June  27,  1909.  x  ^. 

Figs.  3  and  4.  Male  Th,  pellucida  and  female  taken  pairing  at  the 
same  place,  October  i,  1909.  x  }i. 

Fig.  5.  Right  hind  wing  of  Th.  pellucida  $ ,  shown  in  Fig.  3.  x  2  1-6. 

All  five  figures  from  photographs  by  Mr.  H.  A.  Walters. 
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INTRODUCTION 

The  aim  of  this  paper  is  to  describe  the  behavior  of  an  unequal 
tetrad  which  occurs  in  the  first  spermatocytes  of  three  members 
of  the  Oedipodinae:  Brachystola  magna,  Arphia  simplex  and 
Dissosteira  Carolina.  The  distribution  of  the  dyads  of  this  tetrad, 
in  relation  to  the  accessory,  follows  the  law  of  chance;  and,  there- 
fore, affords  direct  cytological  support  of  Mendel's  laws.  This 
distribution  is  easily  traced  on  account  of  a  very  distinct  differ- 
ence in  size  of  the  dyads.  Thus  another  link  is  added  to  the 
already  long  chain  of  evidence  that  the  chromosomes  are  distinct 
morphological  individuals  continuous  from  generation  to  genera- 
tion, and,  as  such,  are  the  bearers  of  the  hereditary  qualities. 
McClxmg  wrote  ('05,  p.  303),  ''In  the  absence,  therefore,  of  defi- 
nite knowledge  of  the  chromosomes  in  the  germ  cells  of  organisms 
exhibiting  Mendelian  characters  or  mutations  we  are  warranted 
in  supposing  them  to  be  of  the  same  general  character  as  the  ones 
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known  till  they  are  proved  different.''  Since  the  above  was 
written  the  increased  knowledge  of  Mendelian  phenomena  has 
shown  that  they  occur  in  practically  every  group  of  organisms. 
I  hope  that  it  may  be  possible  to  determine  what  the  characters 
controlled  by  this  particular  pair  of  chromosomes  are,  through  an 
experimental  study  of  the  living  animals,  correlated  with  a  study 
of  the  developing  soma  of  the  embryo. 

The  credit  for  recojgnizing  the  importance  of  this  tetrad  belongs 
to  Dr.  C.  E.  McClung,  ai  I  was  not  sufficiently  familiar  with 
the  groxmd  to  realize  its  general  bearing  when  I  found  it.  I  am 
also  indebted  to  him  for  consistent  encouragement  and  guidance 
throughout  the  whole  course  of  the  work.  The  slides  used  were 
Dr.  W.  S.  Sutton's,  a  few  of  Dr.  McClung's  and  a  number  pre- 
pared by  myself,  from  material  in  Dr.  McClung's  collection.  In 
the  work  on  the  so-called  nucleoli,  or  plasmasomes,  I  have  been 
enabled  to  compare  a  nimiber  of  different  genera  through  the  co- 
operation of  D.  H.  Wenrich,  a  fellow  student,  who  is  giving  especial 
attention  to  the  growth  period. 

This  work  is  based  chiefly  on  Brachystola  magna,  a  form  already 
well  known,  so  far  as  the  general  organization  of  the  chromosomes 
is  concerned,  through  the  valuable  researches  of  Sutton  ('00,  '02, 
'03).  On  this  accoxmt,  and  in  view  of  the  fact  that  another  paper 
by  the  same  worker  is  soon  to  appear  dealing  with  Brachystola, 
I  shall  restrict  this  paper  strictly  to  the  subject  in  hand,  with  the 
xmderstanding  that  upon  all  other  essential  points  my  observa- 
tions agree  closely  with  those  of  Sutton. 

While  this  chromosome  does  not  come  under  McClung's  origi- 
nal definition  of  a  multiple,  since  it  is  not  united  with  any  of  the 
others  during  the  metaphase,  it  frequently  forms  a  hexad  during 
the  prophase  by  uniting  with  one  end  of  the  accessory.  It  further 
separates  itself  from  the  ordinary  chromosomes  by  having  the 
spindle  fibers  attached  to  the  free,  instead  of  the  synaptical  ends, 
and  in  consequence,  dividing  transversely  in  the  first  spermato- 
cyte when  the  other  tetrads  divide  longitudinally. 
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OBSERVATIONS 

1.  Spermatogonia 

Thanks  to  the  accuracy  of  Sutton's  drawings,  but  little  re- 
mained in  this  stage  for  me  to  do.  He  found  that  the  entire 
complex  could  be  separated  into  two  groups,  one  containing 
six  small  chromosomes  and  the  other  seventeen  larger  ones.  Ex- 
amination shows  that  his  group  of  six  small  chromosomes  is 
composed  of  five  of  about  equal  size  and  one  decidedly  larger. 
Two  of  his  four  spermatogonial  figures  show  this  clearly;  in  his 
first  paper  ('00),  pjate  33,  figure  23,  the  largest  chromosome  of  the 
small  group,  is  apparently  attached  to  the  end  of  a  member  of 
the  large  group ;  in  the  second  paper  ('02)  figure  2,  the  pair  marked 
S'  are  clearly  imequal  in  size.  In  figure  1  the  chromosomes 
are  present  in  oblique  or  end  views,  and  in  figure  3  the  real  size 
of  either  'i'  or '/  may  be  concealed  by  the  overlying  chromosomes. 
To  appreciate  properly  the  weight  of  this  evidence,  we  must  re- 
member that  Sutton  believed  that  they  formed  pairs,  the  individual 
members  of  which  were  of  equal  volume.  This  is  true,  probably, 
except  for  the  two  that  unite  to  form  the  unequal  tetrad.  Figures 
1,  3  and  4  of  this  paper  show  typical  polar  views  of  metaphases, 
with  the  entire  group  of  twenty-three  present,  and  reveal  the 
relative  volumes  of  the  six  small  chromosomes  clearly.  Figure 
2  shows  the  six  small  ones  and  their  relative  volumes,  although  it 
does  not  contain  the  entire  complex. 

Polar  views  of  complete  spermatogonial  complexes  of  Arphia 
also  show  a  possible  separation  into  a  group  of  small  and  a  group 
of  larger  chromosomes,  with  the  difference  here  that  the  small 
group  consists  of  but  four  members  while  the  larger  one  has  nine- 
teen. Close  observation  of  the  four  small  chromosomes  shows 
that  three  of  them  are  of  practically  equal  volume  and  the  re- 
maining one  (figs.  5  and  6,  a)  is  slightly  smaller. 

2.    Growth  period  and  earlier  diffuse  stages 

These  observations  are  based  principally  upon  Arphia,  for 
while  the  nuclei  of  Arphia  and  Brachystola  are  practically  iden- 
tical in  size  those  of  Arphia  are  much  clearer,  partly  owing  to 
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the  smaller  size  of  the  polar  granules,  described  by  Pinney  ('08) 
for  Phrynotettix.  This  point  is  especially  in  favor  of  Arphia, 
since  part  of  the  chromatin  which  produces  the  unequal  tetrad 
passes  through  the  greater  part  of  the  growth  period,  and  other 
stages  of  general  diffusion,  in  a  dense  condition  where  it  appears  as 
nothing  less  than  one  of  the  so-called  plasmasomes  or  nucleoli  so 
often  described  for  these  stages.  In  this  condition  it  is  liable  to 
be  confused  with  the  ordinary  large  polar  granules  of  Brachystola. 

My  earliest  study  of  the  growth  period  impressed  me  with  the 
strong  probability  that  these  bodies  which  at  certain  stages  stain 
like  chromatin,  are  really  composed  of  chromatin.  Further  study 
convinced  me  that  at  least  one  of  them  is  associated  with  the 
unequal  tetrad,  and  this  conviction  led  to  the  present  study. 

Apical  cells  contain  at  least  one,  perhaps  more,  clear,  straw- 
colored,  more  or  less  spherical  vesicles.  Close  inspection  reveals 
a  minute,  deeply  staining  granule  at  one  point  of  the  periphery; 
and  further  that  this  point  is  always  in  connection  with  a  mass 
of  chromatin  (fig.  7,  k).  These  latter,  the  peripheral  granule 
and  the  connection  through  it  with  the  ordinary  chromatin,  are 
absolutely  characteristic  features  of  such  vesicles  wherever  they 
are  found.  Since  they  may  or  may  not  be  filled  with  chromatin, 
the  staining  capacity  is  a  variable  factor. 

At  least  two  of  these  vesicles  are  present  in  the  cells  surroxmd- 
ing  the  apical  cell  (fig.  8,  k).  In  favorable  preparations  they  may 
be  traced  in  the  several  spermatogonial  generations  from  early 
telophases  (fig.  9  A;)  to  later  prophases  (fig,  10  k).  The  one  repre- 
sented in  figure  10  is  connected  to  a  chromatin  thread  with 
unequal  arms,  and,  as  telosynapsis  of  the  elements  which  form 
the  unequal  tetrad  of  the  first  spermatocytes  occurs  at  a  stage 
even  preceding  this,  as  is  clearly  shown  by  figure  11,  c,  there  is 
little  doubt  that  this,  also,  is  the  precocious  tetrad  and  its  asso- 
ciated vesicle. 

During  the  growth  period  there  are  three  vesicles;  two  single 
and  one  double  (fig.  13,  kj  k,  k)  (occasionally,  one-half  of  the 
latter  splits  again  forming  a  tripartite  vesicle).  For  this  reason, 
and  especially  since  no  thorough  study  of  the  earlier  stages  was 
undertaken,  the  largest  number  found  at  that  period — two — 
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should  not  be  taken  as  established.  In  early  bouquet  stages 
the  vesicles  are  colorless  and  always  occur  on  the  distal  part  of 
their  respective  loops — ^that  is,  at  the  point  farthest  from  the 
center  of  radiation  of  the  chromatin  threads.  Figure  12,  k,  shows 
the  double  vesicle  and  its  associated  loop  occupying  a  position  in 
relation  to  the  accessory,  a:,  which  is  characteristic  for  them  at 
this  stage.  The  single  vesicles  behave  in  a  similar  manner;  that 
is,  they  are  colorless,  except  for  a  dense  peripheral  granule  through 
which  passes  the  spireme  thread.  Very  soon  all  of  the  vesicles 
become  densely  stained  (with  Flemming's  tricolor,  iron  hematox- 
ylin or  Auerbach's  stains)  but  are  still  certainly  recognizable  on  ac- 
count of  the  granule  which  can  yet  often  be  made  out.  The  halves 
of  the  double  vesicle  come  to  lie  opposite  each  other,  separated  only 
by  a  dense  granule  common  to  both,  through  which  the  chromatin 
thread  passes  (fig.  14,  k).  This  thread  is  thinner  than  any  of  the 
others  and  even  a  fragment  of  it  separated  from  the  vesicles  can  be 
identified.  What  the  later  history  of  this  chromosome  is  has  not 
yet  been  worked  out.  One  of  the  single  vesicles  is  associated  with 
the  imequal  tetrad,  as  later  evidence  shows.  Near  the  end  of  the 
growth  period  they  begin  very  gradually  to  lose  their  staining 
power  (fig.  15)  until  finally  their  outline  becomes  so  faint  that 
they  can  no  longer  be  distinguished. 

Figure  16  represents  the  latest  stage  of  the  growth  period  in 
which  they  are  easily  apparent  in  Arphia,  though  in  some  forms 
they  persist  till  a  much  later  period.  Figure  23,  k,  shows  one  in 
Brachystola,  associated  with  the  unequal  tetrad  and  persisting 
imtil  a  late  prophase.  Figure  29,  k,  shows  the  same  vesicle  still 
recognizable  at  the  first  spermatocyte  metaphase.  Since  the 
plates  were  finished,  favorable  preparations  havp  shown  them 
in  the  second  spermatocyte  anaphases  and  in  the  spermatids. 
The  term  'plasmasome'  is  self-evidently  not  applicable  to  these 
bodies,  since  their  content  is  chromatin  and  they  are  distinctly 
concerned  in  the  formation  of  the  chromosomes.  Winiwarter 
indicates  ('12,  fig.  25)  a  similar  condition  in  human  spermatogen- 
esis. His  drawing  shows  the  peripheral  granule  and  its  connec- 
tion with  the  spireme  beautifully,  although  he  does  not  mention 
either  fact  and  calls  the  body  a  nucleolus. 

JOUKNAL  07  MORPHOLOOT,  VOL.  24,  NO.  4 
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Figure  11  represents  an  early  secondary  spermatogonium  and 
is  of  especial  interest  on  account  of  the  loop  shown  at  c.  The 
dense  granules  at  both  ends  of  the  dyads  are  very  evident.  This 
is  a  peculiarity  that  marks  certain  chromosomes  as  was  noted  by 
Miss  Pinney  ('08,  p.  313).  The  curve  of  the  free  and  of  the 
longer  dyad  of  the  unequal  tetrad  (fig.  19  c)  had  long  puzzled  me, 
but  in  view  of  the  earlier  relation  of  these  elements  shown  in 
figure  11  c  it  is  evidently  due  to  the  separation,  at  this  point,  of 
the  dyads  which  had  previously  been  united  at  both  ends.  Dur- 
ing the  growth  period  this  tetrad  is  associated  with  the  accessory 
both  in  Arphia  and  Brachystola.  This  is  probably  merely  a  per- 
sistence of  the  conditions  established  at  the  formation  of  the  com- 
posite granule.  When  the  accessory  breaks  away  from  this  body 
it  carries  with  it  several  granules  with  their  chromatin  threads^ 
' — ^in  Brachystola,  for  a  time,  forming  a  conspicuous  second  center 
of  radiation.  Figure  25  shows  all  three  small  chromosomes  still 
adhering  to  it,  but  the  relation  with  the  unequal  tetrad  is  the 
most  persistent.  Figures  18, 18  e  and  19  are  successive  stages  in 
Arphia.    Figure  17  is  from  Brachystola. 

S.  First  spermatocytes 

Brachystola.  As  soon  as  the  chromosomes  have  become  suffi- 
ciently condensed  to  be  recognized  as  distinct  individuals,  the 
accessory,  which  at  first  is  in  the  form  of  a  *C/'  with  the  arms  ap- 
proximated, is  often  seen  connected  with  a  small  chromosome 
more  dense  than  any  of  the  others,  except  the  accessory  itself 
(fig.  24).  There  are  at  this  time  eleven  individuals,  counting 
the  multiple  as  one  (fig.  28).  The  larger  dyad  of  this  tetrad 
shows  a  transverse  constriction,  giving  the  whole  a  tripartite 
appearance.  Either  the  larger  or  smaller  end  may  be  attached 
to  the  accessory  (figs.  23  and  24. 

In  early  metaphases  the  chromosomes  appear  as  twelve  separate 
individuals.  Side  views  show  the  accessory  in  its  characteristic 
position  near  one  pole.  The  smallest  chromosome  frequently 
shows  a  constriction;  the  next  in  size  rarely  gives  an  indication  of 
approaching  division,  while  the  third  is  entirely  separated,  only  a 

'This  was  first  noted  by  Wenrich  who  also  suggested  the  term  'composite  granule.' 
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thin  thread  joining  the  two  parts.  A  decided  difference  in  the 
size  of  the  two  dyads  proclaims  this  as  the  tetrad  formerly 
united  to  the  accessory. 

While  all  the  other  tetrads  are  made  up  of  quantitatively  equal 
parts  and  follow  the  typical  Orthopteran  plan  of  division  (longi- 
tudinal in  the  first  spermatocyte  and  transverse  in  the  second) 
already  worked  out  for  Brachystola  by  Sutton,  this  tetrad  divides 
transversely  in  the  first  spermatocyte,  as  is  evident  from  an  exami- 
nation of  the  prophases,  where  it  is  united  with  the  accessory  so 
that  the  longitudinal  split  between  the  chromatids  of  the  tetrad 
corresponds  with  the  division  between  the  chromatids  of  the 
accessory.  This  involves  the  further  exception  that  the  spindle 
fibres  must  become  attached  to  the  free  instead  of  the  synaptical 
ends.  The  unequal  size  of  the  two  dyads  allows  no  mistjJce  on 
this  score;  otherwise,  we  should  have  one  large  and  one  small 
chromatid  passing  to  each  second  spermatocyte  (a  condition 
which  Wenrich  has  actually  found  in  a  nearly  related  genus, 
Phrynotettix).  Here  we  see  that  although  the  connection  with 
the  accessory  is  lost,  this  tetrad  is  still  in  the  line  of  behavior  de- 
scribed by  McClimg  ('05)  for  the  multiples  of  Hesperotettix  and 
Anabrus,  which  remain  associated  with  the  accessory  throughout 
the  maturation  divisions  and  are  made  up  of  quantitatively  equal 
parts. 

Three  hundred  cells  were  drawn  under  the  camera  lucida  to  de- 
termine the  distribution  of  these  dyads  in  relation  to  the  accessory. 
Of  these,  228  show  the  accessory  and  tetrad  in  the  same  section, 
and  as  this  does  not  include  any  case  in  which  there  is  any  uncer- 
tainty, either  in  regard  to  the  pole  for  which  the  accessory  is 
destined  or  where  there  is  the  possibility  that  the  dyads  do  not 
reveal  their  true  size,  there  can,  I  think,  be  no  reasonable  doubt 
of  the  results.  In  107  cells  the  smaller  dyad  was  going  to  the 
same  pole  as  the  accessory,  and  in  the  remaining  121  the  larger 
dyad  occupies  this  position.  In  the  other  72  the  accessory  and 
tetrad  are  in  different  sections,  but  great  care  was  used  to  make 
sure  that  there  was  no  mistake  in  identifying  the  cell  or  in  labeling 
the  drawings.  The  smaller  is  accompanying  the  accessory  in  39 
of  the  cells,  and  the  larger  in  33.    This  practically  agrees  with 
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the  result  in  the  case  where  no  confusion  was  possible,  owing  to 
both  accessory  and  tetrad  appearing  in  the  same  section.  As  a 
net  result,  then,  in  the  300  cells  drawn,  the  smaller  dyad  would 
have  gone  into  the  same  second  spermatocyte  as  the  accessory, 
146  times,  or  in  48.6  per  cent  of  the  cases;  and  the  larger  one,  154 
times,  or  in  51.3  per  cent  of  the  cases.  I  might  further  state  that 
32  cells  were  drawn  from  one  individual  and  a  larger  number  from 
another,  each  giving  substantialy  the  above  results,  before  I  saw 
the  trend  of  the  evidence. 

Second  spermatocyte  figures  are  not  striking  in  my  material 
on  account  of  the  lesser  difference  in  volume  of  the  dyads,  but 
early  anaphases  of  the  first  spermatocyte,  such  as  figures  33,  34, 
41,  42,  45,  49  and  57  where  the  attachment  of  the  spindle  fibers 
is  clearly  evident,  speak  for  themselves.  The  majority  of  my 
drawings  are  of  early  metaphases  as  represented  in  figures  30  to 
32,  37  to  40,  and  so  forth,  but  with  a  number  of  later  figures  to 
substantiate  them,  there  seems  to  be  no  reason  to  doubt  their 
reliability.  More  conclusive  still,  are  polar  views  of  late  ana- 
phases (figs.  58,  61  to  64).  Figures  61  and  63  contain  twelve 
chromosomes,  including  the  accessory;  in  figure  63  one  of  the 
three  small  dyads  in  markedly  larger  than  the  other  two — the 
larger  dyad;  while  in  figure  61  one  is  slightly  smaller  than  the 
other  two — the  small  dyad.  Figures  58,  62  and  64  are  eleven 
chromosome  groups,  the  first  two  containing  the  larger,  the  last 
the  smaller  dyad. 

One  peculiarity  is  yet  to  be  noted.  In  many  instances  the 
larger  dyad  has  a  constriction  about  one-third  nearer  the  proximal 
than  the  distal  end  (fig.  57)  corresponding  to  the  tripartite  appear- 
ance of  the  prophase.  Usually  it  is  very  slight;  sometimes  no 
indication  of  it  can  be  found,  while  in  a  few  instances  it  is  carried 
to  the  extreme  seen  in  figure  29.  Apparently  this  is  an  individ- 
ual variation. 

The  unequal  pair  is  comparable  to  any  of  the  other  tetrads  and 
is  not  part  of  a  sex  group,  such  as  has  been  described  by  Payne 
('09),  since  the  distribution  of  its  parts  is  not  related  to  sex,  as 
indicated  by  the  presence  or  absence  of  the  accessory.  As  a 
corollary,  it  follows  that  its  arrangement  on  the  spindle  is  a  matter 
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of  chance.  This  is  the  first  demonstrable  case,  so  far  as  I  know, 
showing  that  the  maternal  and  paternal  chromosomes  do  not  pass 
collectively  to  given  poles. 

Payne,  from  his  work  on  Gryllotalpa  borealis  Burm  ('12)  where  he 
reports  a  large  accessory  and  an  unequal  pair,  the  larger  member  of 
which  always  passes  to  the  second  spermatocyte  which  receives 
the  accessory,  argues  that  there  is  no  haphazard  arrangement,  as 
is  necessary  for  the  explanation  of  Mendelian  phenomena,  that 
the  chromosomes  brought  into  the  male  by  the  egg  pass  into  the 
female  producing  spermatozoon.  A  few  lines  later,  in  order  to 
explain  the  transmission  of  characters  from  father  to  daughter, 
he  says  that  a  satisfactory  explanation  is  found  in  the  synaptic 
stage,  assuming  an  interchange  of  the  smaller  units  that  make  up 
the  chromosomes.  So,  after  all,  he  would  not  have  the  material 
(chromatin),  which  is  the  essential  thing  contributed  to  the  male 
by  the  egg,  pass  into  the  female  determining  spermatozoon. 
Besides,  as  I  shall  point  out  more  fully  later,  (p.  503)  an  interchange 
of  material  during  synapsis  could  only  afifect  the  second  genera- 
tion and  not  the  immediate  offspring,  though  that  is  what  he  is 
attempting  to  explain. 

Arphia.  In  early  prophases  the  accessory  is  in  the  form  of  a 
U  and  well  condensed  (fig.  19a:),  and  the  unequal  tetrad  is  nearly 
as  dense  as  the  accessory,  the  longer  dyad  having  a  curve  at  the 
free  end  as  though  it  had  been  drawn  over  towards  the  free  end  of 
the  shorter  (fig.  19  c).  One  of  the  large  tetrads  is  only  slightly 
less  precocious;  a  fragment  of  this  chromosome  is  shown  at  6, 
figure  19.  In  late  prophases  the  unequal  tetrad  has  become 
straight  and  the  accessory  is  but  slightly  curved  (fig.  26).  They 
are  occasionally  found  associated  end  to  end — a  continuation  of 
the  'growth  period  relation. 

Twenty-five  side  views  of  metaphases  and  anaphases  were 
drawn  (figs.  52,  54,  55  and  56).  Twelve  contain  the  accessory 
and  the  larger  dyad  on  the  same  side  of  the  equatorial  plate,  and 
thirteen  the  accessory  and  smaller  dyad  in  the  same  relation. 

The  complex  differs  from  that  of  Brachystola,  as  may  be  seen 
by  a  comparison  of  figures  32,  Brachystola,  and  35,  Arphia;  (the 
latter  lacks  the  accessory  but  contains  the  remainder  of  the  com- 
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plex).  The  important  point  is  that  there  are  two  small  chromo- 
somes in  Arphia,  instead  of  three  as  in  Brachystola,  and  that  one 
of  these  divides  equally  while  the  other  divides  unequally.  These 
two  small  tetrads  are  very  nearly  the  same  size  and  might  easily 
lead  a  hasty  observer  who  was  not  familiar  with  both  tetrads  to  the 
conclusion  that  they  are  homologous  chomosomes  when  he  ob- 
served them  separated  as  they  often  are  in  sectioning  and  he  would 
repeat  the  statement  frequently  seen  that  one  of  the  small  chromo- 
somes sometimes  divides  unequally.  The  fact  is  that  one  partic- 
ular small  chromosome  always  divides  unequally  in  first  spermato- 
cyte metaphases  of  Arphia  simplex. 

No  indication  of  a  secondary  constriction  of  the  larger  dyad 
has  been  observed. 

Dissosteira  Carolina.  Figures  47,  53,  59  and  60  are  typical 
first  spermatocyte  views.  The  larger  dyad  is  constricted  as  rep- 
resented (fig.  53),  in  numerous  cases.  In  this  genus  it  will  be 
noticed,  however,  that  the  constriction  is  about  the  center  instead 
of  nearer  the  proximal  end,  as  in  Brachystola.  One  of  the  large 
tetrads  shows  a  weakness  in  one  chromatid  of  each  dyad,  as  seen 
in  figure  59.  This  has  been  found  in  several  animals,  and  appears 
characteristic  of  that  chromosome,  though  it  does  not  always 
occur;  in  this  way  resembling  the  constriction  found  in  the  larger 
dyad  of  the  unequal  tetrad.  That  this  peculiarity  marks  certain 
chromosomes  and  always  occurs  at  the  same  point  when  distin- 
guishable, is  further  evidence  of  the  precise  arrangement  of  their 
constituents,  whether  we  consider  it  to  be  due  to  chemical,  elec- 
trical or  mechanical  forces.  A  suggestive  discussion  of  this  sub- 
ject is  given  by  Agar  C12). 

4.  Second  spermatocyte 

Only  a  very  brief  period  ensues  between  the  first  and  the  second 
spermatocyte  divisions,  but  when  the  chromosomes  become  ar- 
ranged in  the  equatorial  plate,  one  of  the  small  chromosomes  is 
again  sometimes  found  associated  with  the  accessory,  and,  as 
one  would  expect  from  a  knowledge  of  the  first  spermatocytes, 
varies  in  size,  depending,  evidently,  upon  whether  the  larger  or 
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smaller  dyad  accompanied  the  accessory.  Owing  to  the  decreased 
size  of  all  the  chromosomes  at  this  stage,  the  difference  in  volume 
of  the  smaller  chromosomes  is  difficult  to  distinguish,  and  to  be 
worth  anything  the  figures  compared  must  be  not  only  from  the 
same  animal,  but  from  the  same  slide,  in  order  to  avoid  compli- 
cations due  to  fixation  and  staining.  Figures  65  to  68  comply 
with  these  conditions. 

The  result  is  clearly  four  sorts  of  spermatozoa.  One-half  con- 
tain the  accessory,  and  of  these  again  one-half  contain  one  of  the 
larger  chromatids  and  one-half  one  of  the  smaller.  Likewise, 
the  spermatozoa  without  the  accessory  may  be  classed  as  those 
containing  the  large  and  those  containing  the  small  chromosome. 

6.  Spermatids 

Spermatids  of  Arphia  simplex,  at  the  time  when  the  ordinary 
chromatin  has  become  quite  diffuse,  contain  the  three  condensed 
elements;  accessory,  large  precocious  chromosome  and  one  member 
of  the  unequal  pair  still  in  a  dense  condition.  Figures  21  and  22 
are  drawings  from  such  a  stage  of  twelve  chromosome  spermatids, 
with  the  accessory,  of  course,  present.  One  contains  the  large 
and  one  the  small  chromosome,  c.  A  comparison  of  some  of  the 
features  of  these  two  spermatid  nuclei  with  the  nucleus  at  the 
end  of  the  growth  period  shows  the  volume  to  be  reduced  about 
one-fourth.  This,  of  course,  is  what  might  be  expected,  since 
four  cells  have  been  formed  from  the  one  with  practically  no 
resting  period  between  the  two  divisions.  The  accessory  is 
approximately  one-half  the  volume  of  the  accessory  of  the  first 
spermatocyte  which  has  undergone  but  one  division  (figs.  54  and 
55).  The  large  precocious  element  is  beginning  to  diffuse,  hence 
is  more  than  one-half  the  size  of  the  first  spermatocyte  dyad  from 
which  it  is  derived.  The  same  applies  to  the  derivative  of  the 
unequal  tetrad. 
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SUMMARY  OF  OBSERVATIONS 

1.  The  so-called  plasmasomes  or.  nucleoli  are  always  associated 
with  certain  spireme  threads  or  prophase  chromosomes;  in  these 
species  they  never  exist  as  free  bodies.  This  connection  is  through 
a  peripheral,  dense  granule. 

2.  During  the  growth  period  there  are  three  of  these  vesicles, 
two  single  and  one  double. 

3.  They  occur  at  the  distal  end;  that  is,  opposite  the  center 
of  convergence  of  the  chromatin  threads  of  the  loops  formed  by 
the  union  of  the  spermatogonial  chromosomes. 

4.  They  have  been  found  at  all  stages  in  the  history  of  the 
germ  cells,  being  visible  even  in  the  first  spermatocyte  metaphase, 
second  spermatocyte  telophase,  and  in  the  spermatids. 

5.  Their  staining  power  varies;  but  in  general  they  stain  most 
densely  when  the  chromatin  is  most  diffuse  and  give  up  this  power 
as  the  chroinosomes  condense. 

6.  The  first  maturation  division  is  longitudinal  for  all  the  ordi- 
nary tetrads.  This  is  proven  by  a  knowledge  of  their  structure 
gained  from  the  prophase,  by  the  point  of  attachment  of  the 
spindle  fibers,  and  by  the  appearance  of  the  rings  during  division. 

7.  One  of  the  tetrads  which  is  associated  with  the  accessory 
chromosome  during  the  growth  period  divides  transversely  in 
the  first  spermatocytes  and  longitudinally  in  the  second,  which 
the  accessory  also  does  in  effect. 

8.  The  dyads  of  this  tetrad  are  unequal  in  size,  hence  the 
chromosome  is  easily  recognized. 

9.  The  different  parts  of  this  tetrad  are  distributed  equally 
to  both  sorts  of  spermatozoa. 

DISCUSSION 

Sutton  ('02)  showed  that  the  spermatogonial  chromosomes 
occur  in  pairs,  and  his  conclusion  was  that  in  the  somatic  cells 
and  in  the  spermatogonia  there  is  a  double  series  composed  of 
homologous  maternal  and  paternal  chromosomes.  This  theory 
was  put  forward  by  Boveri  ('01)  but  it  remained  for  Sutton's 
work  to  furnish  direct  evidence.    These  homologous  pairs  unite 
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in  synapsis,  and  in  the  reduction  division  are  separated  into 
groups  which  are  neither  purely  paternal  nor  purely  maternal. 
This  last  suggestion,  I  believe,  was  pure  theory  advanced  to  meet 
the  known  experimental  facts  which  show  that  either  parent  may 
transmit  the  characters  of  its  ancestors  of  the  opposite  sex.  It 
is  strange  that  so  careful  an  observer  should  have  overlooked  the 
very  thing  that  was  present  (the  unequal  tetrad  was  first  found 
on  Sutton's  slides)  offering  definite  chromosomic  proof  for  his 
theory.  For,  I  think,  there  can  be  little  doubt  that  the  dyads  of 
the  tetrad  described  in  the  foregoing  pages  are  distinct  physio- 
logical individuals,  representing  respectively  the  paternal  and 
maternal  contribution  to  the  formation  of  some  character  or  char- 
acters; and,  as  each  can  be  identified,  they  furnish  an  excellent 
means  of  tracing  the  process  of  segregation  and  recombination. 

None  of  the  female  germ  cells  in  maturation  stages  being  avail- 
able at  present,  definite  knowledge  of  what  occurs  there  is  lacking. 
But  it  seems  necessary  to  assmne  the  presence  of  an  unequal  tetrad 
there  also,  for  if  its  place  were  filled  by  an  ordinary  chromo- 
some of  equal  parts  we  would  sometimes  find  two  large  or  two 
small  imited  in  the  first  spermatocyte,  but  in  every  one  of  the 
twenty  animals  studied  the  unequal  tetrad  was  present.  The 
only  alternative  would  be  to  conclude  that  one-half  the  spermato- 
zoa are  not  f imctional,  for  which  there  is  not  a  shred  of  evidence. 

If  this  assumption  that  after  maturation  one-half  the  ova  con- 
tain the  large  and  one-half  the  small  dyad  be  correct,  then  selec- 
tive fertilization  becomes  a  necessity,  since  a  spermatozoon  con- 
taining the  large  dyad  could  only  fertilize  an  oviun  containing 
the  small.  This  would  in  no  way  interfere  with  the  ratio  of  Men- 
delian  characters,  for,  owing  to  the  abundance  of  spermatozoa,  all 
the  ova  would  be  fertilized;  nor  does  it  necessitate  the  extension 
of  the  theory  to  those  pairs  which  are  quantitatively  equiva- 
lent. But,  whether  further  evidence  shall  show  selective  fertili- 
zation to  be  a  fact  or  not,  and  regardless  of  the  mode  of  origin  of 
the  inequality,  its  absolutely  constant  occurrence  and  the  alter- 
nate distribution  of  the  dyads  in  even  one  individual  is  sufficient 
for  the  essential  part  of  this  work — the  segregation  of  at  least  part 
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of  the  paternal  and  maternal  chromatin  according  to  the  law  of 
chance. 

The  large  dyad,  which  I  shall  arbitrarily  designate  as  bearing 
characters  of  the  male  line,  even  when  transmitted  by  the  female, 
must  represent  characters  of  her  male  ancestors,  either  on  the 
paternal  or  the  maternal  side.  In  like  manner,  the  small  dyad 
must  represent  characters  of  the  female  line,  though  half  the 
time  contributed  by  the  male  and,  consequently,  bringing  in 
characters  of  his  female  ancestors.  In  other  words,  so  far  as  this 
one  pair  of  chromosomes  is  concerned,  the  spermatozoa  may 
contain  the  small  chromosome  carrying  factors  from  the  maternal 
grandmother  or  from  the  paternal  grandmother,  or  it  may  contain 
the  large  chromosome  carrying  characters  of  the  paternal  grand- 
father or  the  maternal  grandfather.  Likewise,  the  ova  after 
maturation  may  contain,  by  hypothesis,  the  large  chromosome 
inherited  from  either  the  paternal  or  the  maternal  male  lines,  or 
the  small  from  the  maternal  or  the  paternal  female  lines.  Eight 
combinations  are,  then,  possible  for  this  pair,  as  shown  in  the 
accompanying  diagram.  The  possible  combinations  with  various 
numbers  of  chromosomes  has  been  worked  out  by  Sutton  ('03, 
p.  234,  et  seq.),  so  that  further  work  on  this  line  is  superfluous. 
However,  it  may  be  well  to  emphasize  the  fact  that  the  68,719, 
476,736  combinations  which  he  has  shown  to  be  possible  in  the 
zygotes  of  organisms  possessing  36  chromosomes  in  the  somatic 
series  is  amply  sufficient  to  account  for  all  observed  variations, 
without  the  assumption  of  any  interchange  of  material  between 
the  chromosomes. 

The  only  question  that  remains  to  be  considered  is  whether 
Mendelian  phenomena  are  exceptional  cases  of  heredity,  or  whether 
they  represent  the  t3T)e  form  of  all  inheritance.  Perhaps  the 
strongest  arguments  against  the  latter  view  have  been  derived 
from  blends,  first  crosses  that  breed  true  and  mosaics. 

In  regard  to  the  first,  Hatai  ('11)  has  shown  that  the  series 
obtained  from  the  square  of  the  binomial  (X*+2XY+Y*)" 
expresses  the  distribution  of  determinates  for  both  Mendelian  and 
blended    inheritance,    and    that    therefore    the  latter  may  be 
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Zyaotes 


(^  Paternal  grand-mother 
on  oatemal  sida 

^  Maternal  grand-mother 
on  ptftemal  side. 

r^  Paternal  grand-fether 

^^  on  paternal  sida 

•  Maternal  grand-father 
on  paternal  sida 


0    Paternal  grand-mother 

on  maternal  side. 
0  Maternal  grand-mother 

on  maternal  sida 
^  Paternal  grand-father 
^^  on  maternal  sida 
^  Maternal  grand-father 
^^  on  maternal  slda 


Diagram  of  Possible  Combinations  of  Unequal  Pair 
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considered  as  a  limiting  case  of  Mendelian  inheritance  where 
dominance  is  imperfect.  In  what  are  commonly  recognized  as 
cases  of  Mendelian  inheritance  the  hybrid  is  indistinguishable 
from  the  dominant  homozygote  so  far  as  gross  characters  are 
concerned,  and  the  only  means  of  sorting  the  pure  from  the  hybrid 
oflFspring  is  by  inter-breeding.  But  this  is  not  necessarily  the  case, 
as  shown  by  Punnett  ('07.,  pp.  29-30).  In  the  L^om  breed  of 
poultry  white  plumage  is  dominant  to  colored,  but  not  perfectly 
so.    To  quote  directly: 

When  a  white  and  a  brown  Leghorn  are  crossed  together,  all  the  re- 
sulting oflFspring  are  white,  but  almost  invariably  have  a  few  colored 
feathers.  The  presence  of  these  'ticks'  is  the  outward  and  visible  sign  of 
the  heterozygous  nature  of  the  bird  on  which  they  occur.  Such  birds 
give  off  equal  niunbers  of  gametes  bearing  the  white  and  colored  char- 
acters. This  is  easily  tested  by  breeding  them  together.  It  is  found 
that  from  such  matings  one-quarter  of  the  oflFspring  are  colored  recessives, 
whilst  the  remainder  are  pure  white,  or  white  with  a  few  ticks.  The 
heterozygote  resembles  the  dominant  form  much  more  closely  than  it 
does  the  recessive.  Though  we  may  speak  of  dominance  in  such  a  case 
it  is  necessary  to  remember  the  dominance  is  not  perfect.  This,  how- 
ever, makes  no  diflFerence  to  the  essential  feature  of  MendeFs  discovery, 
which  is,  of  course,  the  segregation  in  the  gametes  of  the  factors  corre- 
sponding to  the  dominant  and  recessive  characters. 

This  differs  only  in  degree  from  typical  cases  of  blended 
inheritance.  Yet  it  is  clearly  Mendelian,  and  accords  perfectly 
with  Hatai's  idea  of  incomplete  dominance.  The  segregation 
of  pure  colors  in  the  gametes  proves  that  there  has  been  no  inter- 
action affecting  the  essential  character  of  the  determinants. 

A  case  of  complete  blending  in  the  first  generation,  followed 
by  segregation  in  the  second,  is  given  by  Castle  ('11,  p.  138). 
This  is  in  regard  to  length  of  ear  in  maize,  and  has  been  worked 
out  by  East. 

As  to  first  crosses  that  breed  true,  it  seems  difficult  to  find  such 
cases.  The  mulatto  has  been  cited;  but  Davenport, handling  the 
matter  in  a  scientific  manner,  finds  that  there  is  s^regation  in 
the  ratio  of  one  to  sixteen  which  can  be  brought  into  harmony 
with  other  Mendelian  results  by  the  assmnption  of  four  factors 
for  black  in  the  negro. 
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In  r^ard  to  mosaics,  Sutton  says  in  part  ('03, p. 245)  "If  each 
cell  contains  paternal  and  maternal  potentialities  in  regard  to  each 
character,  and  if  dominance  is  not  a  common  fimction  of  one 
of  these,  there  is  nothing  to  show  why  as  a  result  of  some  disturb- 
ing factor  one  body  of  chromatin  may  not  be  called  into  activity 
in  one  group  of  cells  and  its  homologue  in  another.''  This  view 
is  supported  by  blends  which  later  segregate  out  pure  characters 
as  well  as  the  work  of  Tennent  ('10)  reversing  the  dominance  in 
Echinoderm  hybrids  by  changing  the  concentration  of  the  hy- 
droxylions  in  the  sea-water  in  which  they  developed. 

A  consideration  of  the  limited  number  of  chromosomes  and  the 
large  number  of  characters  in  any  animal  or  plant,  will  make  it 
evident  that  each  chromosome  must  control  numerous  allelo- 
morphs, or  unit  char^^cters.  It  is  to  the  individual  dominance, 
either  partial  or  complete  of  these  unit  characters,  rather  than 
to  the  dominance  of  the  chromosome  as  a  whole,  that  we  may 
look  for  the  explanation  of  Mendel's  laws. 

Since  the  rediscovery  of  Mendel's  laws,  increased  knowledge 
has  been  constantly  bringing  into  line  facts  that  at  first  seemed 
utterly  incompatible  with  them.  There  is  no  cytological  explana- 
tion of  any  other  form  of  inheritance;  the  long  association  of  syn- 
aptic pairs  during  the  growth  period  has  suggested  the  possibility 
of  some  interaction  between  the  chromosomes,  but  this  associa- 
tion is  between  the  chromosomes  of  the  grandparents,  directly. 
Let  us  suppose  that  these  represent  pure  lines  on  both  paternal 
and  maternal  sides,  and  that  the  character  under  consideration  is 
a  blended  one.  Now,  the  fertilized  ovum  resulting  from  a  cross 
between  these  two  pure  lines  at  once  develops  an  organism 
with  the  blended  character  without  any  long  association  of  the 
chromosomes  that  produce  it.  In  other  words,  if  there  were  an 
interaction  between  chromosomes  during  the  growth  period, 
which  would  result  in  blended  inheritance,  it  could  not  be  mani- 
fested until  the  second  hybrid  generation.  It  seems  to  me 
probable  that  all  inheritance  is,  in  reality,  Mendelian.* 

'All  observational  work  was  done  at  the  University  of  Kansas.  Some  draw- 
ings have  been  completed  and  the  paper  revised  at  the  University  of  Pennsylvania. 
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EXPLANATION  OF  PLATES 

All  figures  are  from  camera  lucida  outlines.  Original  magnification  2400  diam- 
eters.   Actual  magnification  of  figures  1200  diameters. 

Numbers  21  and  22,  spermatids,  are  displaced  from  the  position  they  would 
occupy  in  order  of  development  for  purposes  of  comparison ;  the  others  are  arranged 
as  nearly  as  convenient  in  that  order. 

All  drawings  are  from  B.  magna  unless  otherwise  indicated.  Ordinary  chrom- 
osomes are  in  outline  for  clearness  of  comparison. 

Accessory  at  upper  pole  except  figures  43  and  55. 
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PLATE  1 


EXPLANATION  OP  PIGUREB 


I  to  4  Spermatogonia!  complexes  of  Brachystola  magna  showing  division  of 
entire  complex  into  two  groups;  one  containing  six  smaller  chromosomes,  the  other 
seventeen  larger  ones.  Figure  2  does  not  contain  all  of  the  larger  chromosomes 
but  shows  the  accessory,  x,  in  recognizable  form.  Of  the  smaller  group  the  prob- 
able pairs  are  designated  a,  6,  and  c,  respectively.  One  of  those  marked  c  is 
obviously  larger  than  any  of  the  other  five. 

5  to  6  Spermatogonial  complexes  of  Arphia  simplex.  Two  groups  with  regard 
to  size  are  again  evident  with  the  difference  that  there  are  four  smaller  and 
nineteen  larger  chromosomes.  Three  members  of  smaller  group  are  practically 
identical  in  size;  the  fourth,  a,  is  smaller. 

7  Apical  cell  of  Arphia  simplex.  Persistent  chromatin  vesicle  k  associated 
with  flocculent  mass  of  chromatin. 

8  Nucleus  from  one  of  the  cells  surrounding  apical  cell,  containing  two  per- 
sistent chromatin  vesicles  k,  k  with  their  associated  chromatin  masses. 

9  Spermatogonial  telophase  of  Arphia  simplex  showing  vesicles  A;,  A;  and  asso- 
ciated chromatin  threads. 

10  Spermatogonial  prophase  Arphia  simplex.  One  end  of  associated  chro- 
matin thread  longer  than  the  other. 

II  Spermatogonial  spireme,  Arphia  simplex,  c,  telosynaptic  union  of  unequal 
pair;  x,  accessory;  p,  polar  granules. 

12  Early  growth  spireme,  Arphia  simplex.  Position  of  persistent  chromatin 
vesicle,  A;,  on  loop  and  relation  of  this  loop  to  accessory,  x,  typical. 

13  Same  as  above  at  a  slightly  later  period  as  shown  by  splitting  of  threads. 
Chromatin  in  vesicles  k,  A;,  A;  forming  definite  chromatin  bodies. 

14  Fragment  of  nucleus,  Arphia  simplex.  Chromatin  bodies  A;  still  densely 
staining,  associated  thread  thinner  than  ordinary  threads. 

15  Very  slightly  later  stage,  Arphia  simplex.  Bodies  A:,  A;  less  densely  stain- 
ing. 

16  Still  later  stage,  Arphia  simplex.  Vesicle  A;  persisting  though  nearly  color- 
less.   Associated  thread  more  dense  than  ordinary  threads. 

17  Part  of  cell  of  Brachystola  magna  near  end  of  bouquet  stage;  x,  accessory 
with  precocious  tetrad  attached. 

18  Part  of  cell  Arphia  simplex  near  end  of  growth  period;  x,  accessory;  c,  un- 
equal precocious  tetrad  attached  to  accessory.    18  e,  x  and  c,  later  stage. 

19  The  same;  early  prophase;  x,  accessory;  c,  unequal  precocious  tetrad;  b. 
fragment  of  another  precocious  tetrad. 

20  Late  prophase  of  Brachystola  magna.  Homogeneous  accessory  and  asso- 
ciated precocious  tetrad  showing  tripartite  feature  and  greater  density  than  ordi- 
nary tetrads. 

21  Spermatid,  Arphia  simplex.  The  three  condensed  elements  still  intact; 
X,  one  chromatid  of  accessory;  6,  one  chromatid  of  larger  precocious  tetrad;  c, 
one  of  smaller  chromatids  of  unequal  tetrad. 

22  The  same  except  c,  one  of  larger  chromatids  of  unequal  tetrad.  Note  that 
the  nucleus  of  either  spermatid  is  about  i  that  of  the  nucleus  at  end  of  growth 
period. 
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PLATE  2 


EXPLANATION  OP  FIGURES 


23  Accessory  and  unequal  tetrad  forming  a  hexad  multiple;  A;,  remains  of 
vesicle,  smaller  dyad  attached  to  accessory. 

24  The  same;  larger  dyad  attached  to  both  ends  of  U-shaped  accessory. 

25  The  same;  all  three  small  tetrads  adhering  to  accessory. 

26  Late  prophase,  Arphia  simplex;  unequal  tetrad  separate  from  accessory. 

27  First  spermatocyte  metaphase;  (this  and  most  of  the  remaining  figures  are 
designed  to  show  the  distribution  of  the  unequal  tetrads  in  relation  to  the  acces- 
sory). 

28  Late  prophase  of  entire  first  spermatocyte  complex :  at  this  time  there  are 
eleven  separate  elements;  drawn  from  three  sections. 

29  Unequal  tetrad  with  persistent  vesicle.  A;,  still  distinguishable  at  first  sper- 
matocyte metaphase. 

30  First  spermatocyte  metaphase  from  same  animal  as  figure  39.  Note  that 
in  the  first  instance  the  larger  and  in  the  last  the  smaller  dyad  accompanies  the 
accessory. 

31  and  32  Entire  first  spermatocyte  complexes:  31  drawn  from  two  sections, 
32  from  three. 

33  and  34  Early  anaphases  of  entire  eomplexes.  In  figure  33  the  smaller  dyad 
accompanies  the  accessory  while  in  figure  34  it  is  the  larger  one.  Both  drawn  from 
two  sections. 

35  Entire  complex  of  Arphia  simplex  except  accessory.  Note  that  there  are 
only  two  small  tetrads  here  corresponding  to  the  four  small  chromosomes  of  the 
spermatogonial  group;  figures  5  and  6.  Also  note  the  general  differences  between 
the  complexes  of  the  two  genera  by  comparing  with  figures  31  and  32. 

36  First  spermatocyte  metaphase  from  same  animal  as  figure  32. 

37  and  38    First  spermatocyte  metaphases  from  another  animal. 
39  and  40    The  same  from  a  different  animal. 

41  and  42    Anaphases  from  still  another  animal  illustrating  the  same  feature. 
43  and  44    From  same  animal  as  figures  39  and  40. 
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PLATE  3 

•  EXPLANATION  OP  FIGURES 

45  Early  first  spermatocyte  anaphase  from  same  animal  as  figures  48,  50 
and  57. 

46  Late  met&phase  from  yet  another  animal. 

47  Metaphase  from  Dissosteira  Carolina. 

48  Metaphase  from  same  animal  as  figure  45. 

49  Late  metaphase  or  early  anaphase  from  same  individual  as  figure  34. 

50  Late  anaphase. 

51  Metaphase  from  another  animal. 

52  Metaphase  from  Arphia  simplex. 

53  Metaphase  from  Dissosteira  Carolina;  note  secondary  constriction  of  larger 
dyad. 

54  and  55    Late  anaphases  from  Arphia  simplex. 

56  Metaphase  from  Arphia  simplex. 

57  Late  metaphases  from  same  animal  as  figure  48.  Note  tendency  to  con- 
striction of  larger  dyad. 

58  First  spermatocyi^e  telophase,  eleven  chromosome  group  containing  the 
larger  dyad,  c,  and  lacking  accessory.  (All  telophases  are  not  only  from  the  same 
individual  but  also  from  the  same  slide.) 

59  Late  anaphase  Dissosteira  Carolina  showing  weakness  of  one  dyad  of  one 
of  larger  chromosomes. 

60  Anaphase  of  Dissosteira  Carolina  from  same  animal  as  figure  47. 

61  Telophase  of  twelve  chromosome  group.  Accessory  and  smaller  dyad 
present;  e,  fragment  of  e'  from  another  section. 

62  Similar  to  figure  58. 

63  Similar  to  figure  61  except  that  larger  dyad,  c,  is  present  instead  of  smaller 
one.    Accessory  drawn  from  another  section. 

64  Similar  to  figures  58  and  62  except  that  it  contains  smaller  instead  of  larger 
dyad;  e,  ordinary  dyad  from  another  section. 

65  and  66  Second  spermatocyte  metaphases  containing  accessory;  and  figure 
65  smaller  dyad,  figure  66  the  larger  one. 

67  and  68  The  same  as  above,  eleven  chromosome  groups,  one  containing  the 
larger  dyad,  c,  the  other  the  smaller. 
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Two  new  Otostigmi  from  India  (Ayriop*)* 

By  Ralph  V.  Chamberlin,  University  of  Pennsylvania. 
Philadelphia. 

The  two  new  species  of  Otostigmus  here  described  may 
readily  be  distinguished  from  the  other  known  species  of  the 
genus  bearing  spines  upon  the  prefemur  of  the  anal  legs  by 
means  of  the  following  key.  In  this  key  only  the  more  closely 
related  forms  are  actually  taken  up ;  but  it  is  constructed  so  as 
to  eliminate  all  others. 

a.  Dorsal  plates  margined  from  the  21  st  segment  cephalad  at  least  to 
the  eighth, 
b.  The  three  proximal  articles  of  the  antennae  glabrous  or  nearly  so. 
c.  Ventral  plates  without  true  longitudinal  sulci ;  at  most  with  shal- 
low furrows  or  pit-like  depressions, 
d.  Last  ventral  plate  with  the  sides  parallel  and  the  caudal  mar- 
gin convexly  roimded ;  ventral  plates  with  eight  impressions. 

O.  cuneiventris  Foe. 

dd.  Last  ventral  plate  with  sides  converging  caudad   and  the 

caudal  margin  straight  or  incurved. 

e.  Prefemur  of  anal  legs  without  a  comer  spine  at  distal  end 

above;  ventral  plates  with  two  median  depressions^  one 

caudad  of  the  other  O.  ceyhnicus  Haase 

ee.  Prefemur  of  anal  legs  with  a  well  developed  comer  spine: 
ventral  plates  with  a  pair  of  depressions  lying  one  each 
side  of  median  line  and  a  small  median  depression  at 

caudal  margin  O.  simplex  sp.  nov. 

bb.  Only  the  2  1-3  to  2  1-2  proximal  articles  of  the  antennae  glabrous, 
c.  Dorsal  plates,  excepting  at  most  the  first  seven,  bearing  from  7 
to  9  longitudinal  keels  which  are  serrate  or  tuberculate. 
d.  At  most  the  first  7  pairs  of  legs  with  two  tarsal  spines,  the 
others  with  i,  or  20th  and  21st  with  none, 
e.  Articles  of  antennae  21 ;  sulci  of  stemites  weak,  developed 
only  on  anterior  1-3  or  1-2  of  plate;  20th  legs  with  no 
tarsal  spine.  O.  scabtr  Pocock. 

ee.  Articles  of  antennae  17 ;  sulci  of  stemites  strongly  develop- 
ed, crossing  the  entire  plate ;  20th  legs  with  a  tarsal  spine. 

O.  amballae  sp.  nov. 

dd.  Pirit  18  pairs  of  legs  with  two  tarsal  spines.    Head  and  first 

dorsal  plate  chestnut,  with  the  other  dorsal  plates  bluish 

green  O.  insularis  Haase 
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Otostigmus  amballae  sp.  nov. 

Dorsum  brown,  olive  along  middle  part  of  caudal  border  and  in  a 
number  of  interrupted  or  broken  longitudinal  lines  or  streaks.  Head 
and  first  dorsal  plate  somewhat  paler  than  dorsum.  Legs  testaceous 
or  yellowish;  the  posterior  pairs  distinctly  ringed  with  bands  of  green. 

Head  shining;  showing  numerous  fine  punctae  with  fewer  coarse 
ones  intermixed. 

Antennae  composed  of  17  articles  of  which  the  first  two  are  prac- 
tically glabrous  and  the  third  one  similarly  so  at  proximal  end. 

Dorsal  plates  from  the  third  to  the  penult  inclusive,  longitudinally 
bisulcate,  the  sulci  deep  and  completely  crossing  the  plates.  Plates 
from  about  the  fifth  caudad  distinctly  margined.  All  plates  excepting 
the  first  two  and  the  last  one  with  a  low  median  keel,  one  each  side  of 
this  geminated  by  the  sulcus,  and  two  between  the  sulcus  and  the 
lateral  margin,  these  more  lateral  keels  being  more  or  less  broken  and 
bearing  inconspicuous  tubercles  along  edges;  keels  most  distinct  on 
the  caudal  segments.  First  and  second  plates  smooth.  All  plates  punc- 
tate. Last  plate  simply  bowed  out  caudad,  the  mesal  portion  of  mar- 
gin rounded,  not  angular;  with  a  median  longitudinal  keel  extending 
from  the  anterior  margin  caudad  a  little  more  than  half  the  length, 
this  keel  being  followed  on  the  caudal  portion  of  the  plate  by  a 
conspicuous  median  furrow;  lateral  portions  of  plate  smooth  or  near- 
ly so. 

Prosternal  teeth  4  -f  4;  of  these  the  most  ectal  is  much  the  smallest 
and  the  second  from  mesal  line  much  the  largest,  the  other  two  being  of 
intermediate  size;  line  of  apices  of  teeth  strongly  convex;  all  teeth 
angular. 

Ventral  plates  from  the  second  to  the  penult  inclusive,  deeply 
longitudinally  bisulcate;  also  with  a  wider  and  shallower  median 
longitudinal  furrow  which  is  deepest  in  front  of  middle.  Plates  finely 
punctate  and  those  of  caudal  half  of  body  tuberculate;  the  tubcrcula- 
tion  becoming  more  and  more  conspicuous  caudad. 

Last  ventral  plate  narrowed  caudad,  with  the  sides  convex  and  the 
caudad  margin  weakly  concave.  On  caudal  half  with  a  distinct  median 
longitudinal  furrow  which  continues  cephalad  as  a  pair  of  finer  and 
less  distinct  furrows. 

Processes  of  coxopleurae  rather  long,  extending  caudad  of  ventral 
plate  about  two-thirds  the  length  of  the  latter;  terminating  in  four 
spines  or  points,  and  also  with  a  fifth  spine  on  coxopleural  margin 
near  caudoectal  comer. 

At  least  the  first  three  pairs  of  legs  with  two  tarsal  spines,  the 
others,  or  all  but  a  few  succeeding  these,  to  the  twentieth  inclusive, 
with  one  tarsal  spine. 
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Prefemur  of  anal  legs  armed  ventrally  with  an  ectal  series  of  3 
spines  and  a  mesal  one  of  2;  in  addition  with  a  strictly  mesal  series 
of  3  spines  increasing  in  size  distad,  and  along  dorsomesal  surface  a 
series  also  of  3  spines,  the  distal  one  of  the  latter  being  the  comer 
spine  at  end  of  joint.    Other  articles  unarmed  and  smooth. 

Length,  38  mm. 

Locality, — ^Amballa,  India  (Rev.  M.  M.  Carleton  coll.,  1873). 
The  typt  is  in  the  Mus.  of  Comp.  Zoology  at  Cambridge. 

Otostigmus  simplex  sp.  nov. 

Type  specimens  at  present  much  bleached  from  long  preservation 
so  that  original  coloration  cannot  be  definitely  ascertained.  At  pres- 
ent they  are  brownish,  with  a  pale  median  longitudinal  stripe.  Legs 
yellowish. 

Head  finely  and  sub-densely  punctate,  the  punctae  being  more  sparse 
in  the  frontal  r^on.  A  weak  median  longitudinal  furrow  midway 
between  sulcus  and  caudal  margin  and  a  more  sulci  form  impression 
from  anterior  margin  a  short  distance  caudad. 

Antennae  composed  of  18  articles  of  which  the  first  three  are  glab- 
rous. 

Dorsal  plates  from  the  fourth  to  the  penult  longitudinally  bisulcate. 
Plates  from  the  7th  or  8th  caudad  distinctly  laterally  margined. 
Finely  punctate,  but  otherwise  very  smooth,  showing  no  carinae,  or  at 
most  on  some  of  the  caudal  plates  with  a  median  one  obscurely  set 
off  by  2  faint  longitudinal  furrows. 

Last  dorsal  plate  with  caudal  extension  sub-triangular,  the  lateral 
portions  straight  or  nearly  so  from  corners  to  median  line,  the  median 
angle  narrowly  rounded. 

Prosternal  teeth  5+5;  all  teeth  well  rounded  and  the  more  mesal 
ones  appearing  as  mere  crenations  in  the  dental  plate,  the  ectal  ones 
better  separated  and  more  angular.  Process  of  femuroid  of  pre- 
hensors  large;  with  a  single  rounded  crenulation  or  tooth  on  ectal 
side  and  two  on  the  mesal. 

Ventral  plates  all  finely  punctate.  Wholly  lacking  true  sulci;  but 
each  with  a  broad  longitudinal  depression  or  furrow  on  each  side 
which  does  not  reach  either  the  anterior  or  the  posterior  margin;  in 
addition  there  is  a  much  smaller  median  foveola  or  depression  imme- 
diately in  front  of  the  caudal  margin. 

Last  ventral  plate  narrowed  caudad,  the  converging  sides  straight, 
excepting  at  ends,  where  they  are  convex,  caudal  margin  distinctly  in- 
curved. Convex,  smooth  and  without  furrows,  excepting  for  a  me- 
dian longitudinal  one  over  the  caudal  third  of  length. 

Coxopleurae  produced  beyond  the  last  ventral  plate  two-thirds  to 
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three-foaiths  the  length  of  the  latter;  process  terxninating  hi  3  pomts 
or  spines  and  with  a  lateral  spine  on  the  ectal  margin. 

Between  7  and  12  first  pairs  of  legs  with  the  tarsi  bearing  2  spines, 
the  others  with  a  single  tarsal  spine,  excepting  the  penult  and  anal 
pairs  which  hare  none. 

Prefemur  of  anal  legs  with  a  row  of  3  strictly  ventral  spines;  along 
mesorentral  edge  with  a  series  of  3  spines;  and  along  mesodorsal 
edge  with  a  third  series  also  of  3  spines,  the  distal  one  of  the  last 
mentioned  being  at  the  comer;  the  median  spine  in  each  series  larg- 
est.   Other  joints  wholly  smooth. 

Length,  50  to  55  mm. 

Locality. — Not  definitely  krtown;  but  probably  India.  It  is 
certainly  from  the  Eastern  Hemisphere,  as  shown  by  the  pres- 
ence of  spines  on  the  anal  legs.  The  type  specimens  are  in  the 
Mus..of  Comp.  Zoology  at  Cambridge. 
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No.  2. —  The  Liihobiid  Genera  Nampabius,  Garibius,  Tidabius,  and 

Sigibius. 

By  Ralph  V.  Chamberun. 

The  four  new  genera  dealt  with  in  the  present  paper  include  the 
smallest  of  the  known  North  American  species  of  Lithobiidae.  None 
of  them  exceeds  ten  mm.  in  length,  most  of  them  averaging  materially 
less  than  this.  They  occur  principally  among  the  layers  of  damp 
fallen  leaves,  under  the  bark  of  logs,  and  in  the  looser  loam  of  open 
woods.  All  seem  to  have  the  death-feigning  instinct  more  or  less 
pronounced,  when  suddenly  jarred  or  otherwbe  frightened  often  flex- 
ing the  body  laterally  into  a  circle  and  lying  rigid  for  some  time, 
when  they  may  be  handled  with  forceps  or  otherwise  without  their 
relaxing.  Because  of  their  small  size  and  the  effectiveness  with 
which  they  conceal  themselves,  specimens  of  these  species  are  not 
often  secured  by  the  general  collector;  but  one  looking  for  them 
especially  and  understanding  their  habits  may  nearly  always  secure 
one  or  more  species  in  appropriate  habitats  throughout  the  United 
States  excepting  the  Southwest  where  they  are  replaced  by  Oabvus 
(jjylorus  Chamb.,  tiganus  Chamb.,  etc.),  Hesperohius  {medius  Chamb., 
obesiis  Stuxb.,  and  allies),  and  related  genera  to  be  considered  in  a  suc- 
ceeding Bulletin.  They  may  sometimes  be  secured  in  considerable 
numbers  by  sifting  leaves. 

In  addition  to  the  similarity  in  many  features  of  habit,  the  species  of 
these  four  genera  likewbe  have  mych  in  common  in  general  appearance 
and  structiure.  The  genera  are,  however,  readily  separated  upon 
critical  examination.  The  discrimination  of  the  species  has  presented 
more  di£Sculty.  Heretofore  the  species  have  remained  practically 
unknown,  not  only  because  of  the  paucity  of  material  in  collections, 
but  especially  because  the  characters  studied  and  given  in  descriptions 
are,  in  the  main,  not  truly  specific,  being  either  generic  in  extent  or 
common  to  a  number  of  species.  More  detailed  and  careful  study 
and  comparison  of  the  material  in  extensive  collections  made  by  the 
author  personally  in  various  parts  of  the  country  has  revealed  the 
considerable  number  of  species  here  described. 

The  four  genera  may  readily  be  separated  by  means  of  the  following 
key. 
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Key  to  the  Genera, 

a.    Articles  of  antennae  from  25  to  35,  the  number  being  mostly  near 
32.     Posterior  legs  of  cf   without  special  processes  or  lobes. 
(Posterior  coxae  wholly  unarmed). 
6.     Dorsal  spines  of  anal  and  penult  legs  0,  0,  1,  0,  0,  ventral 

0,  1,  1,  1,  0.  SigibiicSy  gen.  nov. 
66.    Dorsal  spines  of  anal  legs  0,  0,  2,  0,  0,  ventral  0,  1,  3,  1,  0,  or 

0, 1, 3, 2, 0;  dorsal  spines  of  penult  legs  0, 0, 3, 1, 0,  or  0, 0, 3, 1, 

1,  ventral  0,  1,  3,  3,  1  or  0,  1,  2,  3,  1.         Tidabitis,  gen.  nov. 
aa.    Articles  of  antennae  normally  20.    Either  anal  or  penult  legs  of 

cf  with  a  special  lobe.  (Coxae  armed  or  unarmed). 
6.  Posterior  coxae  wholly  unarmed;  median  incision  of  proster- 
num  semicircular;  penult  legs  of  cf  always  bearing  at  distal 
end  of  tibia  on  dorsal  side  a  small  but  conspicuous  lobe,  the 
anal  legs  without  lobes  or  crests;  posterior  angles  of  1 1th  and 
13th  or  at  least  of  13th  more  or  less  produced. 

Nampabius,  gen.  nov. 

66.     Last  3  or  4  pairs  of  coxae  dorsally  armed;  median  incision 

of  prostemum  V-shaped;  penult  legs  of  cf  without  any  such 

lobe,  but  anal  legs  bearing  at  distal  end  of  tibia  a  small  crest; 

posterior  angles  of  none  of  the  dorsal  plates  at  all  produced. 

Garibius,  gen.  nov. 

Nampabius,  gen,  nov. 

Body  conspicuously  attenuated  cephalad,  with  the  first  dorsal  plate 
much  narrower  than  the  head  and  also  narrower  than  the  third  plate. 
Mostly  robust,  varying  from  6  to  8.5  times  as  long  as  the  width  of  the 
10th  plate. 

Antennae  short;  composed  of  20  articles. 

Ocelli  in  2,  or,  less  commonly,  in  3,  longitudinal  series;  the  single 
ocellus  mostly  a  little  smaller  than  the  most  caudal  one  of  the  dorsal 
series. 

Prosternal  teeth  2+2.  Median  incision  semicircular  in  outline, 
never  acute  at  bottom.    {Plate  1,  fig.  2). 

Eleventh  and  thirteenth  dorsal  plates  with  the  caudal  angles  more 
or  less  produced  or  sometimes  that  of  thirteenth  alone  distinctly 
extended ;  angles  of  other  plates  straight  or  excised. 

Claw  of  the  female  gonopods  tripartite,  with  the  lobes  subequal  or 
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the  median  longest,  all  usually  more  or  less  rounded  distally.  Basal 
spines  2+2,  long  and  usually  slender,  the  sides,  as  seen  in  ventral 
view,  converging  to  near  the  apex  or  beginning  of  the  acuminate 
distal  portion  which  is  very  short.     (Plate  2,  fig.  6). 

Coxal  pores  very  small;  circular,  2,  2, 2,  2  to  2,  3,  3,  3  in  number. 

Ventral  spines  of  the  anal  legs  0,  1,  1,  0,  0  or  0,  1,  1,  1,  0;  dorsal 
0,  0,  0,  0, 0  or  0, 0,  2, 0, 0;  claws  2  or,  rarely,  but  1.  Ventral  spines  of 
penult  legs  0,  1,  1,  1,  0  or  0,  1,  2,  1,  0;  dorsal  spines  0,  0,  0,  0,  0  or 
0,  0,  2,  0,  0;  claws  2  or,  rarely,  but  1.  Ventral  spines  of  thirteenth 
legs  0, 0,  2, 1, 1  to  0, 0, 0, 1, 1 ;  dorsal  from  0, 0, 0, 0, 0  to  0,  0,  2,  1,  1. 
Ventral  spines  of  twelfth  legs  from  0,  0,  0,  0,  1  to  0,  0,  0,  2, 1;  dorsal 
from  0,  0,  0,  0,  0  to  0,  0,  2,  1,  2.  Ventral  spines  of  eleventh  legs 
0,  0,  0, 0,  1  to  0,  0,  0,  2,  1;  dorsal  from  0,  0,  0,  0,  1  to  0, 0,  0,  2,  2. 
First  two  to  first  four  pairs  of  legs  with  no  ventral  spines  on  any  joint; 
and  the  third  joint  of  the  first  twelve  or  thirteen  pairs  of  legs  ven- 
trally  unarmed.    The  posterior  coxae  are  wholly  unarmed. 

Anal  legs  in  the  male  short;  moderately  and  uniformly  inflated;  with- 
out special  lobes  or  furrows.  Penult  legs  with  the  fifth  article  produced 
at  its  distal  end  on  the  dorsal  or  dorsomesal  side  into  a  small  sub- 
cylindric  or  distally  expanded  lobe  bearing  a  number  of  sensory  hairs. 

Type. —  N.  virginiensis,  sp.  nov. 

Distribution. —  Eastern  and  Southeastern  States,  in  the  latter 
section  occurring  chiefly  in  or  near  the  mountainous  parts. 

The  species  of  this  genus  are  the  smallest  members  of  the  family, 
all  known  forms  being  under  7.5  mm.  in  length.  In  proportions  they 
are  mostly  relatively  robust  and  conspicuously  narrowed  cephalad. 
They  vary  considerably  in  color,  some  being  testaceous,  some  ferrugi- 
nous, and  others  chestnut.  While  the  head  may  be  paler  than  the 
dorsum,  it  is  usually  darker,  frequently  being  a  shining  reddish  black. 
As  in-Tidabius,  the  posterior  legs,  especially  distally,  are  nearly  always 
more  brightly  pigmented,  being  commonly  bright  yellow  or  orange. 
These  forms  occur  commonly  in  and  beneath  layers  of  fallen  leaves 
and  loose  piles  of  sticks. 

The  following  key  will  aid  in  the  identification  of  the  known  species. 

Kq^  to  species  of  Nampabitis. 

a.    Neither  the  anal  nor  the  penult  legs  with  any  dorsal  spines. 
Ventral  spines  of  anal  legs  0,  1,  1,  0,  0. 

N.  fungiferopes  (Chamberlin). 
CM.    Anal  and  penult  legs  with  the  third  joint  armed  with  2  dorsal 
spines. 


Digitized  by 


Google 


42  bulletin:    BfUSEUM  OF  COMPARATIVE  ZOOLOGY. 

6.    Dorsal  spines  of  twelfth  legs  0,  0,  2,  1,  2;   (ventral  spines  of 
ninth  to  twelfth  legs  0,  0,  0,  2,  1).     N,  virginiensis,  sp.  no  v. 
bb.    Dorsal  spines  of  twelfth  legs  not  0,  0,  2, 1,  2. 

c.    Third  joint  of  twelfth  legs  unarmed  dorsally  (spines  0,  0,  0, 
1,  2  or  fewer). 
d.    Dorsal  spines  of  twelfth  legs  0,  0,  0,  0  (1),  1;    of  the 
eleventh  0,  0,  0,  1,  1.  N.  parientis,  sp.  no  v. 

dd.    Dorsal  spines  of  twelfth  legs  0,  0,  0,  1,  2;  of  the  eleventh 
0,  0,  0, 1,  2  or  0,  0,  0,  2,  2. 
e.    Dorsal  spines  of  tenth  and  eleventh  legs  0,  0,  0,  1,  2; 
ventral  spines  of  thirteenth  legs  0,  0,  1,  1, 1. 

N,  ernbius,  sp.  nov. 
ee.    Dorsal  spines  of  eleventh  legs  0, 0, 0, 2, 2;  ventral  spines 
of  thirteenth  legs  0,  0,  2,  1,  1. 
/.    Ventral  spines  of  twelfth  legs  0, 0, 1,  2, 1 ;  of  eighth  to 
eleventh  0,  0,  0,  2,  1 ;  ocelli  cir.  6  in  two  series. 

N.  inimicus,  sp.  nov. 
ff.     Ventral  spines  of  twelfth  legs  0,  0, 0, 1, 1 ;  of  eighth  to 
eleventh  also  0,  0,  0,  1,  1 ;  ocelli  10  or  more  in  three 
series.  N.  georgianus,  sp.  nov. 

cc.    Third  joint  of  twelfth  legs  armed  with  one  or  two  dorsal 
spines. 
d.    Dorsal  spines  of  twelfth  legs  0,  0, 1, 1,  2  or  0,  0,  2, 1, 1 ;  of 
tenth  and  eleventh  0,  0,  0,  2,  2.     N.  carolinensis,  sp.  nov. 
dd.    Dorsal  spines  of  twelfth  legs  0, 0,  2, 1,  0  or  0, 0,  2, 1, 1 ;  of 
tenth  and  eleventh  0,  0,  0, 0, 1  or  0, 0,  0, 1, 1. 
e.    Dorsal  spines  of  twelfth  and  thirteenth  legs  0,  0,  2, 1,  0; 
of  eleventh  0, 0, 0, 1 , 1 .  N.  tennesseensis,  sp.  nov. 

ee.    Dorsal  spines  of  twelfth  and  thirteenth  legs  0,  0,  2,  1, 1 ; 
of  eleventh  0,0, 0,0,1. 
/.    Near  8.5  times  longer  than  width  of  tenth  plate. 

N.  longiceps,  sp.  nov. 

ff.     Not  more  than  7  times  longer  than  width  of  tenth 

plate.  N.  lulae,  sp.  nov. 

Note. —  The  key  does  not  include  N.  lundii  (Meinert)  the  insuffi- 
cient description  of  which  must  leave  its  identity  in  doubt  until  the 
types  can  be  restudied.    See  further  under  the  account  of  this  species. 
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Nampabiits  fungiferopes  (Chamberiin). 

lAihobius  fungiferopes  Chamberiin,  Proc.  Acad.  nat.  sci.  Phil., 
1904,  66,  p.  652. 

Diagnosis. —  Dorsum  testaceous  to  dark,  more  or  less  reddish 
brown,  in  life  more  or  less  su£Pused  with  purplish.  Head  darker, 
almost  black,  in  front  of  suture  paler  and  with  a  tendency  toward 
ferruginous. 

Body  about  6|  times  longer  than  width  of  tenth  plate. 

Head  considerably  wider  than  long. 

Ocelli  mostly  4  to  6  in  two  series. 

Prostemum  about  1.54-1.6  times  wider  than  long;  distance  between 
chitinous  spots  about  2.3-2.4  times  greater  than  width  at  median 
incision  and  3.8  or  3.9  times  the  dental  line. 

First  dorsal  plate  about  1.9  times  wider  than  long. 

Coxal  pores  2,  2,  2,  2. 

Claw  of  female  gonopods  short  and  wide  with  the  median  lobe 
considerably  largest,  the  lateral  equal.  Spines  of  moderate  width, 
the  sides  converging  distad  to  the  short,  abruptly  subacute  apex. 

Twelfth  to  anal  legs  inclusive  with  no  dorsal  spines.  Ventral  spines 
of  anal  0,  1, 1, 0, 0;  of  penult,  0, 1, 1, 1, 0.  Ventral  spines  of  ninth  to 
thirteenth  legs  (also  of  fifth  to  ninth)  inclusive  0,  0,  0,  0,  1.  Dorsal 
spines  of  tenth  and  eleventh  legs  (also  of  second  to  tenth)  0,  0,  0,  0, 1. 

Process  of  the  penult  legs  in  the  male  conspicuously  expanding 
distad;  bearing  the  usual  hairs.  Tarsal  Joints  abruptly  and  consid- 
erably more  slender  than  the  tibia.     (Plate  1,  fig.  6-7). 

Description. —  Above  testaceous  to  dark,  more  or  less  reddish, 
brown,  in  life  especially  commonly  conspicuously  suffused  with  viola- 
ceous or  purplish.  Head  deeper  in  color,  almost  black,  but  paler  in 
front  of  suture  where  it  may  show  a  tendency  toward  ferruginous. 
Antennae  rufous  distally,  proximally  brown  or  purplish  brown. 
Prostemum  dark  brown  with  the  prehensorial  feet  lighter.  Venter 
light  brown  or  testaceous,  in  life  suffused  with  purplish.  Legs  pale 
brown,  in  life  of  a  distinctly  purplish  or  violaceous  tinge  proximally, 
being  yellow  distally;  posterior  pairs  more  strongly  pigmented  as 
usual,  bright  yellow  except  proximally. 

Body  strongly  attenuated  cephalad  of  tenth  plate  as  usual.  Pro- 
portionately robust,  being  mostly  6.75+  times  longer  than  width  of 
tenth  plate.  The  widths  of  head  and  first,  third,  eighth,  tenth,  and 
twelfth  plates  to  each  other  as  37: 31 :  33: 42: 42: 39. 
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Head  wider  than  long  (mostly  from  37:34  to  37:36);  widely 
roimded  anteriorly.    Hairs  long  and  sparse. 

Antennae  short;  composed  of  the  normal  twenty  articles,  all  of 
which  are  short.  Hairs  of  moderate  length,  not  very  dense,  more 
sparse  proximally. 

Eyes  composed  mostly  of  from  4  to  6  ocelli  which  are  arranged  in 
two  series :  —  thus,  1 +2, 1  to  1 +3, 2.  The  single  ocellus  smaller  than 
most  of  the  others.    All  ocelli  well  pigmented. 

Prosternum  1.54-1.6  times  wider  than  long.  Distance  between 
chitinous  spots  near  2.38  times  the  width  at  level  of  bottom  of  mesal 
incision;  about  3.87  times  the  dental  line,  the  anterior  portion  being 
more  strongly  narrowed  than  in  the  related  species.  Median  incision 
shallow,  not  large,  of  the  usual  semicircular  form.  Teeth  small  and 
acute,  equal  or  nearly  so,  the  interval  between  each  pair  narrow  and 
well  rounded  at  bottom.  Sides  slanting  directly  from  close  to  base  of 
each  ectal  tooth,  nearly  straight,  being  slightly  concave  near  middle 
of  length. 

First  dorsal  plate  widest  at  anterior  end,  the  sides  at  first  but  little 
and  then  more  strongly  converging  caudad  and  rounding  in  about 
the  caudal  comers;  nearly  1.9  times  wider  than  long.  Posterior 
comers  of  the  eleventh  and  more  distinctly  of  the  thirteenth  plates 
weakly  produced,  those  of  the  ninth  straight. 

Coxal  pores  small  and  circular;  mostly  2, 2,  2, 2. 

Spines  of  first  legs  q'  o  o  o'  o*  ^'  second  to  fourth  inclusive 
g;g;g;g;;;  of  fifth  to  eleventh  inclusive  g;g;g;g;j[;  of  twelfth  and 
thi^t^nth,  g;g;g;g;;;  of  the  penult  gff^f^i  the  claws  2;  of  the 
anal  g^  ^'  ^*  g*  g,  claws  2,  the  accessory  claw  easily  lost  from  preserved 

specimens  in  both  anal  and  penult  pairs. 

In  the  male  the  anal  and  penult  legs  are  short  and  but  moderately 
inflated;  longitudinally  sulcate  along  ectal  or  anterior  side,  more 
dbtinctly  so  on  fourth  and  fifth  articles.  In  the  penult  legs  the  tarsal 
joints  are  abmptly  and  considerably  more  slender  than  the  tibia; 
tibia  with  the  distal  mesodorsal  comer  obliquely  complanate  and  there 
bearing  the  usual  small  process,  this  being  in  this  species  conspicu- 
ously widened  at  the  distal  end  (see  Plate  1,  fig.  6  and  7)  and  bearing 
on  its  dbtal  surface  the  usual  sensory  hairs. 

Claw  of  female  gonopods  short  and  relatively  wide,  scarcely  curved; 
tripartite,  the  middle  lobe  considerably  larger  than  the  two  lateral 
which  are  about  equal,  all  lobes  distally  narrowly  rounded.    Spines 
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moderately  wide,  with  the  sides  converging  from  base  distad,  toward 
ends  more  abruptly  bending  in  to  the  acute  or  subacute  apex.  Mesal 
side  of  first  article  of  gonopods  nearly  straight  and  parallel  with  its 
fellow. 

Length  from  5  to  nearly  7  mm. 

Type  Locauty. —  New  York  (Ithaca!). 

Localities.  —  New  York  (Ithaca I);  Vermont  (Jamaica I  Grout's 
MiUI). 

Nampabius  virginiensis,  sp.  nov. 

Diagnosis. —  Dorsum  testaceous  to  dark  reddish  or  ferruginous 
brown.    Head  more  or  less  ferruginous,  darker  caudad  of  suture. 

Body  robust,  being  mostly  but  6.25  or  6.3  times  longer  than  width 
of  the  tenth  plate. 

Head  equal  in  length  and  breadth;  cordate. 

Ocelli  mostly  6  or  7  in  two  series. 

Prosternum  about  L63  times  wider  than  long,  the  anterior  portion 
being  short.  Distance  between  chitinous  spots  only  1.7  times  greater 
than  width  at  median  incision  and  but  2.9  times  greater  than  the 
dental  line. 

First  dorsal  plate  nearly  1.9  times  wider  than  long. 

Coxal  pores  2,  2,  2,  2-2,  3,  3,  3. 

Claw  of  female  gonopods  with  the  outer  latest  tooth  somewhat 
smaller  than  the  inner.  Spines  long,  their  sides  moderately  converg- 
ing to  near  apex  where  curving  in  more  abruptly  to  the  acute  apex. 

Dorsal  spines  of  anal  and  of  penult  legs  0,  0,  2,  0,  0;  ventral  spines 
of  these  legs  0, 1, 1, 1, 0.  Dorsal  spines  of  thirteenth  legs  0, 0,  2, 1, 0; 
ventral  0, 0, 2, 1, 1.  Dorsal  spines  of  twelfth  legs  0, 0, 2, 1, 2.  Dorsal 
spines  of  tenth  and  eleventh  legs  0,  0, 0,  2,  2.  Ventral  spines  of  ninth 
to  twelfth  legs  inclusive  0,  0,  0,  2,  1. 

Process  of  penult  legs  of  male  subcylindric;  expanded  somewhat 
distally,  flat-topped  and  on  the  distal  surface  bearing  a  subdense 
patch  of  moderately  long  sensory  hairs.    (Plate  1,  fig.  4-5). 

Description. —  Dorsally  testaceous  to  dark  reddish  or  ferruginous 
brown,  more  reddish  anteriorly  and  posteriorly.  Head  more  or  less 
ferruginous,  darker,  dusky,  caudad  of  the  suture.  Antennae  like  the 
head;  pale  at  tips.  Prosternum  brown,  with  the  prehensorial  feet 
paler.  Venter  pale  yellowish  to  light  reddish  brown,  the  caudal 
plates  darker.  Legs  pale  yellow  to  testaceous,  with  the  posterior 
pairs,  excepting  at  base,  bright  yellow  or  somewhat  orange. 
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Body  attenuated  as  usual.  Typically  near  6.25  or  6.3  times  longer 
than  width  of  the  tenth  plate.  A  female  5  mm.  long  has  the  widths 
of  head  and  first,  third,  eighth,  tenth,  and  twelfth  plates  to  each  other 
as  37:33:35:42:42:42. 

Head  nearly  equal  in  length  and  breadth.  Cordate;  widest  a 
little  in  front  of  marginal  breaks  from  where  it  narrows  continuously 
forwards. 

Antennae  very  short;  moderately  attenuated.  Composed  of  the 
usual  tweii^  articles  which  are  short  and  very  short;  decreasing  distad 
from  the  second. 

Eyes  composed  mostly  of  6  or  7  ocelli  arranged  in  2  series: — thus 
1+3,  2  or  1+4,  2.  Dark.  The  most  caudal  ocellus  of  upper  row 
considerably  larger  than  the  single  one,  the  first  of  lower  row  less 
markedly  larger. 

Prostemum  about  1.63  times  wider  than  long.  Distance  between 
chitinous  spots  only  1.7  times  greater  than  width  at  level  of  bottom  of 
mesal  incision  which  is  nearly  in  line  with  caudal  ends  of  lateral  slopes; 
2.9  times  longer  than  the  dental  line  which  is  also  thus  longer  than 
usual.  Median  incision  large  and  conspicuous,  of  the  usual  form. 
Teeth  subequal,  small  and  acute,  the  interval  between  each  pair 
semicircular;  line  of  apices  recurved.  Sides  straight  or  a  little  in- 
curved, short. 

First  dorsal  plate  widest  at  anterior  end  from  where  the  sides  con- 
verge caudad  considerably;  nearly  1.9  times  wider  than  long.  Thir- 
teenth dorsal  plate  with  posterior  comers  moderately  produced,  those 
of  the  eleventh  less  so  as  usual;  caudal  margin  of  ninth  plate  straight. 

Coxal  pores  small;  2,  2,  2,  2  to  2,  3,  3,  3. 

Spines  of    the    first  legs  Q^A^'^^^Q^^Aoa;    of    the    second 

g;g;g;g;;;  of  the  third  to  seventh '  inclusive,  gj^-g^-J^;  of  the 
«^g^t^  g:2'o  lii?  of  the  ninth,  g-S^'f »  of  the  tenth  knd  eleventh, 
6±o:lk^  of  the  thirteenth  SJl^;-};-?;  of  the  penult  g^HrK^ 
oftheanalg^?^^^. 

In  the  male  the  anal  legs  are  short,  moderately  and  uniformly 
inflated,  and  without  special  modifications.  Penult  legs  similar  to 
anal  but  the  fifth  article  obliquely  complanate  at  dbtal  end  on  meso- 
dorsal  side  and  there  bearing  the  usual  small  lobe  which  is  subcylindric 
and  somewhat  expanded  distad,  especially  on  side  toward  distal  end 
of  leg;  sensory  hairs  borne  on  distal  surface  of  lobe  rather  long  and 
subdense.      (Plate  1,  fig.  4-5). 
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Claw  of  female  gonopods  of  moderate  size;  considerably  curved; 
tripartite;  the  inner  and  median  teeth  not  much  different  in  size,  the 
outer  one  smaller.  Spines  rather  long,  the  sides  as  usual  converging 
from  base  distad,  toward  end  more  strongly  curving  in  to  meet  at  the 
acute  apex.  Inner  side  of  first  article  nearly  straight,  a  little  diverging 
from  its  fellow  proximad.    Length  near  5  mm. 

Type  Locality. —  Virginia  (Natural  Bridge!    August,  1910). 

LocALrnES. —  Virginia  (Natural  Bridge  I);  Tennessee  (Unaka 
Springs!). 

Nampabius  parienus,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal,  penult,  and  thirteenth  legs 
0, 0, 2, 0, 0.  Ventral  spines  of  anal  leg  0, 1, 1, 1, 0,  of  penult  0, 1 , 1, 1, 0- 
0,  1,  2,  1,  0;  of  ninth  to  thirteenth,  0,  0,  0,  1,  1.  Dorsal  spines  of 
tenth  and  eleventh  pairs  of  legs  (as  also  of  the  second  or  third  to  ninth) 
0,0,0,1,  L 

Ocelli  5  or  6  in  two  series. 

Prostemum  1.57  or  1.6  times  wider  than  long.  Dbtance  between 
chitinous  spots  about  3.6  times  greater  than  the  distal  line;  2.25  times 
longer  than  the  width  at  median  incision. 

Coxal  pores  2,  2,  2,  2-2,  3,  3,  2. 

Process  of  tibia  of  penult  legs  in  male  rather  long  and  slender,  in 
proximal  aspect  with  lateral  lines  parallel;  in  lateral  aspect  appearing 
thicker  and  projecting  over  base  on  side  at  distal  end  of  article;  sen- 
sory hairs  long  and  slender. 

Body  7.7  or  7.75  times  longer  than  width  of  tenth  plate. 

Head  broadly  subcordate;  dbtinctly  wider  than  long. 

First  dorsal  plate  (in  type)  between  1.75  and  1.8  times  wider  than 
long. 

Dorsum  yellow  with  the  caudal  plates  tinged  with  orange.  Head 
orange,  with  the  frontal  region  paler. 

Description. —  The  body  above  is  yellow  with  the  caudal  plates 
tinged  with  orange.  Head  orange,  the  frontal  region  paler,  more  yel- 
lowish. Antennae  orange,  yellow  at  tips.  Prostemum  orange  brown. 
Venter  pale,  the  caudal  plates  more  strongly  pigmented  as  usual.  Legs 
pale  excepting  the  posterior  pairs  which  are  bright  orange. 

Body  more  slender  than  in  most  related  species,  in  the  type  being 
7.73  times  longer  than  the  width  of  the  tenth  dorsal  plate.  Width 
of  head  and  first,  third,  eighth,  tenth,  and  twelfth  plates  to  each  other 
about  as  36: 32: 35: 43: 44: 41. 
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Head  broadly  subcordate,  considerably  bulging  caudad  of  eyes. 
Clearly  wider  than  long  (12: 11).    Hairs  short  and  sparse. 

Antennae  short.  Articles  short  and  very  short,  decreasing  distad 
of  the  second  as  usual.    Hairs  short  and  not  dense. 

Eyes  typically  composed  of  five  or  six  ocelli  in  two  series:  —  thus, 
1+2,  2  or  1+3, 2.  Single  ocellus  smaller  than  the  first  one  of  upper 
row  and  the  others  of  the  usual  relative  sizes. 

Prostemum  in  type  1.57  times  wider  than  long.  Distance  between 
chitinous  spots  3.6  times  the  dental  line;  2.25  times  width  at  level  of 
bottom  of  median  incision.  Median  incision  of  the  usual  semicircular 
form,  rather  small,  the  distance  across  it  between  the  two  mesal  teeth 
not  greater  than  that  between  the  teeth  of  each  pair.  Teeth  moderate ; 
line  of  apices  distinctly  and  considerably  recurved.  Spine  at  base  of 
ectal  tooth;  slender,  somewhat  curved  mesad  distally,  not  exceeding 
the  tooth  in  length. 

First  dorsal  plate  widest  near  anterior  end,  the  sides  from  there  at 
first  slightly  and  then  more  strongly  converging  caudad;  plate  in  type 
1.77+  times  wider  than  long.  Posterior  comers  of  the  eleventh  and 
thirteenth  dorsal  plates  a  little  produced,  those  of  the  ninth  straight 
or  also  showing  a  very  slight  tendency  toward  production,  rounded; 
other  minor  plates  with  comers  oblique  or  rounded. 

Coxal  pores  very  small;  2,2,2,2-2,3,3,2. 

Spines  of  first  legs,  §f^^o',  ^^  second,  %%%%^/>o^  <>'  ^^^^ 
^0^1;^  of  the  fourth  to  seventh,  g^gf^J;-};  of  the  ninth  to 
eleventh,  g:g;g;|;[;  of  the  twelfth,  ^'g:'oVi!i^  *«  ^^"^  spine 
of  the  fifth  article  being  on  the  cephalic  side;  of  the  thirteenth, 
g-glg;?'?;  of  the  penult,  o,  i.  AVo!'i%.  i,  o>  ^^^^^  2;  of  the  anal, 
OOAO^,  claws  2. 

In  the  male  the  anal  and  penult  legs  are  short  and  uniformly  and 
but  little  inflated;  both  are  laterally  longitudinally  sulcate.  The 
process  at  the  dbtal  end  of  the  tibia  of  the  penult  legs  is  rather  long 
and  slender;  when  viewed  from  proximal  aspect  of  leg  its  sides  appear 
nearly  parallel;  in  lateral  aspect  the  process  is  somewhat  thicker  and 
projects  distad  above  its  base;  distal  surface  rising  obliquely  dorso- 
distad  from  its  proximal  end  to  its  distal;  sensory  hairs  long  and 
slender.     (Plate  3,  fig.  1-2). 

Length  (type)  6.5  mm.;  width  of  tenth  plate  .84  mm.;  length  of 
antennae  2  mm. 

LocAUTY. —  North  Carolina  (Hot  Springs!). 
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Nampabius  embius,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  the  anal  and  penult  legs  0,  0,  2,  0,  0. 
Dorsal  spines  of  the  thirteenth  legs  0,  0,  2,  1,  0;  ventral  0,  0,  1,  1,  1. 
Dorsal  spines  of  the  tenth  to  twelfth  legs  0, 0, 0, 1 , 2 ;  ventral  0, 0, 0, 2, 1 . 
Dorsal  spines  of  the  sixth  to  ninth  legs  also  0,  0, 0, 1,  2. 

Ocelli  6  to  8  in  two  series. 

Prostemum  about  1.56  times  wider  than  long.  Distance  between 
chitinous  spots  2.14  times  width  at  median  incision;  3|  times  the 
dental  line. 

Spines  of  the  gonopods  rather  long;  sides  parallel  or  but  slightly 
converging  from  base  to  the  very  short  acuminate  tip,  the  sides  of 
which  are  straight  and  meet  at  an  almost  obtuse  angle. 

Body  more  slender  than  in  most  related  species  being  (in  type) 
about  8J  times  longer  than  the  width  of  the  tenth  dorsal  plate. 

Head  clearly  wider  than  long. 

First  dorsal  plate  near  1.75  times  wider  than  long. 

Dorsum  brown  of  dilute  chestnut  caste.     Head  dark  brownish  red. 

Description. —  Brown  of  dilute  chestnut  caste.  Head  dark 
brownish  red.  Antennae  brown,  pale  distally.  Prosternum  dark, 
more  brownish  than  the  head  with  the  prehensorial  feet  paler.  Venter 
pale  brown,  the  caudal  plates  darker.  Legs  colored  nearly  like  the 
corresponding  plates  of  venter;  posterior  pairs  light  distad. 

Body  comparatively  slender  being  in  the  type  8^  times  longer  than 
the  width  of  the  tenth  plate.  Widths  of  head  and  of  the  first,  third, 
eighth,  tenth,  and  twelfth  plates  to  each  other  about  as  39:  35:  38:  48: 
49:47.5. 

Head  wider  than  long  in  ratio  13:12;  widest  behind  eyes  from  where 
the  convergence  of  the  sides  to  the  caudal  corners  is  marked. 

Antennae  short  as  usual.  Moderately  attenuated.  The  twenty 
articles  short  and  very  short,  decreasing  regularly  distad.  Hairs  of 
moderate  length,  short,  not  dense.     (Plate  2,  fig.  7). 

Eyes  composed  of  6  to  8  ocelli  in  two  series:  —  thus,  1+3,  3  —  1+ 
4,  3  —  1+3,  2.     Ocelli  of  moderate  size,  black. 

Prosternum  1.56  times  wider  than  long.  Distance  between  chitin- 
ous spots  2.14  times  width  at  level  of  bottom  of  mesal  incision;  3^ 
times  the  dental  line.  Mesal  incision  wide  and  shallow,  of  the  usual 
form  at  bottom.  Teeth  small,  distally  narrowly  rounded;  line  of 
apices  rather  strongly  recurved.     Spine  unusually  long,  bristle  like. 

First  dorsal  plate  widest  a  little  caudad  of  anterior  end  from  where 
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the  sides  converge  considerably;  1.75  times  wider  than  long.  Poste- 
rior comers  of  the  thirteenth  plate  a  little  produced;  those  of  the 
eleventh  nearly  straight  and  those  of  ninth  rounded  cephalad. 

Coxal  pores  small  and  circular  as  usual,  2,  3,  3,  3. 

Spmes  of  first  pair  of  legs,  g-g:g;g:g  to  Htto;  of  second  and 

third,  g^^l^^;  of  fourth  and  'fifW,  g^^^J;  of  sixth,  g^g^^l^  or 
e^|;-§a^;  of  seventh,  g^^^g^f-^  of  tenth  to  twelfth,  g^§^^^;  of 
thhteenth,  g;  g;  ^  };  g;  of  the  penult,  g;  ^^  ^  Q;  g,  claws  2;  of  the  anal 
0,  0,  2,  0,  0. 

Claw  of  female  gonopods  of  moderate  size;  distinctly  tripartite. 
Spines  rather  long,  with  sides  parallel  or  but  slightly  converging  from 
base  to  acuminate  apical  portion  which,  as  usual,  is  relatively  very 
short  with  sides  strictly  straight  and  running  to  an  almost  obtuse 
angle.  Inner  side  of  first  article  of  gonopod  considerably  diverging 
proximad  from  its  fellow.  Stemite  mesally  straight,  with  no  distinct 
process. 

Length  (type)  7.5  mm.,  width  of  tenth  plate  .91  mm.;  length  of 
antenna,  2  mm. 

LocAUTY. —  South  Carolina  (Taylors!). 

Nampabius  inimicus,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  penult  legs  0,  0,  2,  0,  0;  ventral 
0,  1,  2,  1,  0.  Dorsal  spines  of  thirteenth  legs,  0,  0,  2,  1,  0;  ventral, 
0,  0,  2,  1,  1.  Dorsal  spines  of  twelfth  legs,  0,  0,  0,  1,  2;  ventral, 
0,  0,  1,  2,  1.  Dorsal  spines  of  tenth  and  eleventh  legs,  0,  0,  0,  2,  2. 
Ventral  spines  of  tenth  and  eleventh  (as  also  of  eighth  and  ninth)  legs, 
0,0,0,2,1. 

Ocelli  (in  type)  6  in  two  series. 

Prostemum  about  1.57  times  wider  than  long.  Dbtance  between 
chitinous  spots  2.1  times  the  width  at  median  incision;  3.1  times  as 
great  as  the  dental  line. 

Coxal  pores  2,  2,  2,  2-2,  3,  3,  2. 

Body  about  7.8  times  longer  than  width  of  tenth  dorsal  plate. 

Head  subrotund,  considerably  wider  than  long. 

First  dorsal  plate  1.7  times  wider  than  long. 

Process  of  penult  legs  in  male  small,  cylindric  proximally  but  ex- 
panded at  distal  end  on  side  toward  distal  end  of  joint;  sensory  hairs 
short  and  spinescent.    (Plate  3,  fig.  5-6). 
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Dorsum  light  testaceous,  the  caudal  plates  of  ferruginous  tinge. 
Head  dark  orange. 

Description. —  Dorsum  light  testaceous,  the  caudal  plates  of 
ferruginous  or  orange  tinge.  Head  dark  orange.  Antennae  reddish 
brown,  light  at  tips.  Presternum  brown.  Venter  very  pale,  excepting 
the  caudal  plates  which  are  orange.  Legs  pale  like  the  venter,  but 
the  posterior  pairs  more  brightly  pigmented  as  usual. 

5ody  more  slender  than  typical  in  the  genus  the  length  of  type 
specimen  being  7.77+  times  greater  than  the  width  of  the  tenth  plate. 
Width  of  head  and  of  first,  third,  eighth,  tenth,  and  twelfth  dorsal 
plates  to  each  other  as  39: 34: 37: 46: 47: 43  (cf ). 

Head  subrotimd;  considerably  wider  than  long  (39: 35);  the  sides 
convexly  bulging  caudad  of  eyes;  widely  roimded  cephalad. 

Antennae  moderately  short.  Joints  short,  decreasing  markedly  in 
size  from  the  second  distad.  Sides  of  articles  straight,  moderately 
flaring  distad.    Hairs  moderately  short,  not  very  dense. 

Eyes  in  type  composed  of  6  ocelli  in  two  series:  —  thus,  1+3,  2. 
Single  ocellus  of  about  same  size  as  the  first  one  of  upper  series  or  a 
very  little  smaller;  others  decreasing  in  size  cephalad. 

Prostemum  1.57+  times  wider  than  long.  Distance  between 
chitinous  spots  2.1  times  width  at  level  of  bottom  of  median  incision; 
3.1  times  the  dental  line.  Lateral  edges  nearly  straight  or  very 
slightly  convex  cephalad  and  slightly  bending  ectad  at  posterior  end. 
Median  incision  wide,  semicircular  as  usual;  the  interval  between  the 
two  mesal  teeth  decidedly  greater  than  that  between  the  teeth  of 
each  lateral  pair.    Teeth  acute;  line  of  apices  distinctly  recurved. 

First  dorsal  plate  1.7  times  wider  than  long;  widest  near  middle, 
the  sides  converging  cephalad  and,  more  conspicuously,  caudad. 
Posterior  angles  of  eleventh  and  thirteenth  dorsal  plates  a  little  pro- 
duced as  usual,  those  of  the  other  minor  plates  oblique  or  simply 
rounded. 

Coxal  pores  very  small  and  circular;  2, 2, 2, 2  -  2, 3, 3, 2. 

Spines  of  first  legs,  §^ff^J;  of  the  second.  ^^^^  or  ^^«^; 
ventral  spines  of  fourth  and  fifth,  0,  0, 0, 0, 1  and  of  the  sixth  the  same 
or  else  0,  0,  0, 1, 1;  spines  of  seventh  legs,  o',  o!o!  ilv  ^^  eighth  and 
ninth,    g;g;g;^;;  of  tenth  and  eleventh,  'g;'g; g J; I;    of  twelfth, 

^^^;  of  thirteenth,  gj-g^f^H;   <>*  ^^^  Penult,' HtHt^^  ^^^l 
lost. 
Penult  legs  of  male  short  and  uniformly  inflated.    Process  at  dbtal 
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end  of  tibia  small,  cylindric  at  base  and  expanded  at  free  end  on  side 
toward  distal  end  of  joint;  process  extending  dorsodistad  or  also  a 
little  caudad;  sensory  hairs  on  distal  surface  of  process  short  and 
spinescent.     (Plate  3,  fig.  5-6). 

Length  of  type  7  mm.;  width  of  tenth  plate  .9  mm.;  length  of 
antenna,  2.3  mm. 

Locality. —  Tennessee  (Russellville!). 


Nampabius  georgianus,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal  and  penult  legs  0,  0,  2,  0,  0; 
ventral  0,  1,  1,  1,  0.  Dorsal  spines  of  thirteenth  legs  0,  0,  2,  1,  0; 
ventral  0,  0,  2,  1, 1.  Dorsal  spines  of  twelfth  legs,  0,  0, 1,  2;  ventral, 
0,  0,  0, 1, 1.  Dorsal  spines  of  eleventh  legs,  0,  0,  0,  2,  2;  of  the  tenth, 
0,  0,  0,  1,  2.  Ventral  spines  of  tenth  and  eleventh  legs  (as  also  of  the 
sixth  to  ninth)  0,  0,  0,  1,  L 

Ocelli  10-12  in  three  series. 

Prosternum  1.5  times  wider  than  long;  distance  between  chitinous 
spots  only  3.1  times  as  great  as  dental  line;  about  2J  times  as  great  as 
width  at  median  incision. 

Body  6.6  to  nearly  7  times  longer  than  width  of  tenth  dorsal  plate. 

Head  much  wider  than  long. 

First  dorsal  plate  twice  as  wide  as  long  or  nearly  so. 

Process  of  tibia  of  penult  leg  of  male  small  and  subcylindric, 
(Plate  2,  fig.  2). 

Dorsum  testaceous.     Head  light  ferruginous;  frontal  region  palest. 

Description. —  Dorsum  testaceous.  Head  somewhat  light  fer- 
ruginous with  caudal  portion  covered  with  a  darker  brown  area, 
leaving  the  frontal  region  palest.  Antennae  somewhat  pale  ferrugin- 
ous brown,  lighter  at  tips.  Prosternum  brown  of  more  or  less  reddish 
caste,  the  prehensorial  feet  paler.  Venter  pale  yellow,  with  the 
caudal  plates  darker.  Legs  like  adjoining  part  of  venter  with  caudal 
pairs  somewhat  brighter,  distally. 

Body  strongly  narrowed  cephalad,  moderately  robust,  being  from 
6.6  to  6.9  times  longer  than  width  of  the  tenth  plate,  being  thus 
relatively  more  slender  than  in  N.  mrginiensis.  Widths  of  head  and 
of  first,  third,  eighth,  tenth,  and  twelfth  plates  as  37 :  34 :  38 :  46 :  48 :  43. 

Head  much  wider  than  long  (average  ratio  about  33.5:  29.5),  being 
wider  by  from  j^th  to  i^th.  Broadest  a  little  back  of  eyes  where  it 
bulges  considerably  on  each  side.     Broad  anteriorly,  not  subcordate 
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as  in  nrginiensis.  Hairs  moderately  short,  very  sparse.  (Plate  3, 
fig.  8). 

Antennae  short  and  but  moderately  attenuated.  Articles,  as  usual, 
20,  which  are  short  though  rather  longer  than  in  virginienais  and  also 
less  closely  telescoped;  decreasing  distad  from  the  second.  Hairs 
moderately  short,  not  especially  dense. 

Eyes  composed  of  ten  to  twelve  ocelli  arranged  in  three  series:  — 
thus  1+4,  4,  3-1+4,  3,  3.  Ocelli  black;  closely  but  somewhat 
irregularly  arranged. 

Prostemum  1.5  times  wider  than  long.  Distance  between  chitinous 
spots  3.1  times  as  great  as  the  length  of  dental  line;  about  2|  times 
the  width  at  level  of  bottom  of  median  incision  which  is  clearly 
farther  cephalad  of  caudal  ends  of  lateral  slopes  than  in  virginiensis. 
Sides  or  slopes  of  anterior  portion  straight,  slanting  directly  ecto- 
caudad  from  the  teeth.  Teeth  small  and  acute.  Median  incision 
conspicuous,  of  the  usual  semicircular  form. 

First  dorsal  plate  widest  at  anterior  end,  the  sides  at  first  moderately 
converging  and  then  strongly  rounding  in  about  the  caudal  corners; 
about  twice  as  wide  as  long.  Ninth  plate  with  caudal  margin  bent 
forward  a  little  at  ends.  Eleventh  plate  with  caudal  margin  straight 
all  the  way  across  or  very  nearly  so.  Thirteenth  plate  with  caudal 
comers  a  little  produced. 

Coxal  pores  small;  2,  2,  2,  2. 

Spines  of  first  legs,  ^;S;g;g;g;   of  second,  g;g;g;g;;,  1;  of  third, 

0,  0,  0.  1,  1 .    ^f    fniirth   and    fifth     0.0.0^.1.    ^e      •   xu     0,  0.  0.  1.  1.    ^f 

0.0.0,  0.  0'  "'  lourm  ana  mtn,  oTo.o.  o.i»  "'  sixtn,  5715707171  ♦  ^' 
eighth  to  tenth  inclusive,  g'g;g;^'J;  of  eleventh,  g;g'Q'J;^;  of 
^^^^^y  g;g;S:l;i;  of  thirteenth,  g;  g;  ^  |;  g;   of  penult  and  anal, 

0  1'  1*  1'  %  ^^^^  ^^^  ^^^  claws. 

In  the  male  the  anal  legs  are  short;  uniformly  and  but  little  crassate. 
(Plate  2,  fig  3).  Penult  legs  similar  to  anal  but  bearing  the  charac- 
teristic lobe  at  distal  end  of  the  fifth  joint,  or  tibia;  lobe  small  and 
subcyclindric,  proportionately  longer  than  in  virginiensis  (Plate  2, 
fig.  1-2);  extending  in  a  mesodorsal  and  somewhat  distal  direction, 
bearing  on  the  free  surface  a  limited  number  of  rather  short  sensory 
hau^. 

Length  5  to  6.25  mm. 

LocAUTY. —  Georgia  (Tallulah  Falls!). 
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Nampabius  carounensis,  sp.  nov.' 

Diagnosis. —  Dorsal  spines  of  the  anal  and  penult  legs,  0,  0,  2, 0,  0; 
ventral  of  penult,  0,  1,  2,  1,  0,  of  anal  0,  1,  1,  1,  0.  Dorsal  spines  of 
thirteenth  legs,  0,  0,  2,  1,  0;  ventral,  0,  0,  2,  1,  1.  Dorsal  spines 
twelfth  legs,  0,  0,  1,  1,  2.  Dorsal  spines  of  tenth  and  eleventh  legs, 
0, 0, 0,  2,  2.  Ventral  spines  of  ninth  to  twelfth  (as  also  of  seventh  and 
eighth)  legs,  0,  0,  0,  1,  1. 

Ocelli  near  6  in  number,  in  two  series. 

Prostemum  1.6  times  wider  than  long.  Distance  between  chitinous 
spots  only  2.1  times  width  at  median  incision;  3.5  times  as  great  as 
dental  line. 

Body  near  eight  times  longer  than  width  of  tenth  plate. 

Head  conspicuously  wider  than  long. 

First  dorsal  plate  near  1.7+  times  wider  than  long. 

Process  of  tibia  of  penult  leg  in  male  relatively  slender  and  moder- 
ately long,  broadening  at  base  but  not  distally  where  it  is  rounded. 
Hairs  at  distal  end  straight  and  divergent.    (Plate  2,  figs.  4-5). 

Dorsum  yellowish,  uniform.    Head  reddish  orange. 

Description. —  Dorsum  yellowish,  uniform.  Head  reddish  orange. 
Antennae  brown,  pale  distally.  Prostemum  somewhat  paler  than 
head,  the  prehensorial  feet  still  lighter.  Venter  light  yellow,  the 
caudal  plates  orange.  Legs  nearly  like  corresponding  plates  of 
venter. 

Body  moderate,  being  7.9  or  8  times  longer  than  width  of  tenth 
plate.  Widths  of  head  and  of  first,  third,  eighth,  tenth,  and  twelfth 
dorsal  plates  to  each  other  as  36: 31 :  34: 42: 43: 41. 

Head  conspicuously  wider  than  long  (9: 8),  widely  rounded  in  front 
of  eyes;  sides  well  rounded  caudad  of  eyes.  Hairs  of  moderate 
length  and  sparse,  as  usual. 

Antennae  short  and  moderately  attenuated.  Articles  beyond  the 
second  short  and  very  short,  decreasing  distad.    Clothed  as  usual. 

Eyes  composed  of  about  6  ocelli  arranged  in  two  series: — thus, 
1+3, 2.    Ocelli  distinct,  regular  in  form  and  arrangement. 

Prostemum  1.6  times  wider  than  long.  Distance  between  chitinous 
spots  2.1  times  width  at  median  incision;  3.5  times  the  dental  line. 
Median  incision  wide  and  shallow,  strictly  semicircular  in  form. 
Teeth  small,  the  outer  of  each  pair  rather  larger  than  the  inner,  the 
interval  between  the  two  well  rounded;  line  of  apices  strongly  re- 
curved.   Spine  contiguous  with  base  of  outer  tooth,  fine.    Lateral 
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margin  of  anterior  portion  beginning  at  spine  and  sloping  ectocaudad; 
a  little  convex,  bent  ectad  near  caudal  end  for  a  short  distance. 

First  dorsal  plate  1.72  times  wider  than  long;  sides  convex,  widest  a 
little  in  front  of  middle  of  length.  Posterior  angles  of  thirteenth 
plate  a  little  produced ;  those  of  the  eleventh  slightly  more  so.  Caudal 
margin  of  other  minor  plates  more  or  less  bent  forwards  at  ends;  or 
comers  of  the  ninth  obliquely  excised. 

Coxal  pores  small  and  circular;  2,  2,  2,  2. 

Spines  of  first  to  third  legs  inclusive,  ^*  q  o  o*  o'  ^^  fourth  and  fifth, 

6.  6.0,6,  i>  ^'  s^th,  0.0.0.0. 1'  ^'  seventn  ana  eigntn,  ^j  o!o!i.  i; 
of  tenth  and  eleventh,  g;g;g;^;^;  of  twelfth,  g;g;^;][;^;  of  thirteenth 
g:gj;l:?;  of  penult,  g;;;VS:?>  ^'^^^'  ^f  the  anai,  g;;;^;;;g,  armed 
with  two  claws. 

In  the  male  the  anal  legs  are  short  and  moderately,  uniformly  in- 
flated. The  penult  legs  are  similar  excepting  for  the  tibial  lobe; 
lobe  a  relatively  slender  and  moderately  long  cylindric  process  which 
widens  at  base  but  distally  is  rounded  and  not  at  all  expanded;  distal 
hairs  straight  and  divergent. 

Loigth  of  type  6.5  mm. 

LocAUTT. —  South  Carolina  (LandrumI    August,  1910). 

Nampabius  tennesseensis,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal  and  penult  legs  0,  0,  2,  1,  0; 
ventral,  0, 1, 1, 1, 0.  Doreal  spines  of  twelfth  legs,  0, 0, 2, 1, 0.  Dorsal 
spines  of  tenth  and  eleventh  legs  (as  also  of  the  first  to  ninth),  0,  0,  0, 
1,  1.  Ventral  spines  of  ninth  to  twelfth  legs  (as  also  of  the  fifth  or 
sixth  to  eighth),  0,  0,  0, 1, 1. 

Ocelli  8  or  9  in  two  or  three  series. 

Piostemum  1.54  times  wider  than  long.  Distance  between  chitin- 
ous  spots  2}  times  width  at  median  incision;  3.5-3.8  times  the  dental 
line. 

Body  eight  times  longer  than  width  of  tenth  plate. 

Head  wider  than  long. 

Process  of  tibia  of  penult  legs  of  male  flattened  in  a  distoectal 
proximomesal  direction;  considerably  longer  along  base  than  the 
height  above  same;  expanded  at  distal  end.     (Plate  3,  fig.  3-4). 

Dorsum  pale  chestnut.    Head  darker  chestnut,  shining. 

Description. —  Dorsum  pale  chestnut.    Head  a  deeper,  shining 
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chestnut.  Antennae  chestnut,  excepting  the  tips  which  are  lighter. 
Prostemum  rather  more  brownish  than  the  head,  with  the  prehenso- 
rial  feet  lighter  and  at  tips  somewhat  light  ferruginous.  Venter  pale; 
the  anterior  plates  suffused  with  purplish;  the  caudal  plates  burnt 
brown.  Legs  pale,  excepting  the  posterior  pairs  which  are  brown  or 
brownish  orange. 

Body  moderate,  in  the  male  type  being  near  eight  times  longer 
than  wide.  Widths  of  head  and  of  first,  third,  eighth,  tenth,  and 
twelfth  plates  to  each  other  as  36: 30: 32: 41 :  42: 40. 

Head  wider  than  long  in  ratio  12: 11;  not  varying  much  in  width 
between  eyes  and  level  of  marginal  breaks;  broadly  rounded  cephalad. 
Hairs  short  and  sparse. 

Antennae  short  as  in  related  species.  Moderately  attenuated. 
Articles  short,  decreasing  distad.  Hairs  on  proximal  articles  rather 
sparse,  becoming  denser  distad. 

Eyes  composed  of  eight  or  nine  ocelli  arranged  in  two  or  three 
series:  — thus,  1+4,  3;  1+3,  3,  2;  1+4,  3, 1. 

Prostemum  1.54  times  wider  than  long.  Distance  between  chitin- 
ous  spots  2J  times  the  width  at  level  of  bottom  of  median  incision ; 
3.8-3.5  times  the  dental  line.  Median  incision  wide  and  shallow,  sides 
strongly  converging,  rounded  at  bottom.  Teeth  moderately  small, 
acute;  line  of  bases  forming  a  strongly  reentrant  angle  and  the  line 
of  apices  accordingly  recurved.  Sides  of  anterior  portion  sloping 
immediately  from  the  outer  teeth,  straight,  slanting  more  strongly 
ectad  than  usual. 

First  dorsal  plate  widest  near  the  middle,  from  where  the  sides  are 
subparallel  cephalad  and  rather  strongly  converging  caudad.  Caudal 
angles  of  eleventh  and  thirteenth  dorsal  plates  a  little  produced  in  the 
tjHpical  manner;  those  of  the  ninth  straight  or  a  little  oblique. 

Coxal  pores  small  and  circular,  the  proximal  ones  in  each  series 
somewhat  smaller  than  the  distal;  2,  2,  2,  2  or  2,  3,  3,  2. 

Spines  of  first  legs,  Q'^'g;},;^;  of  the  second,  %%l\l]l;  of  the 

fhiVH  And  fourth-  0' Q' Q'  ^'  ^-  of  the  fifth  0.  0.  0.  l»  i  or  0.0.0.  L  L 
tnira  ana  lourtn,  q,  o,  o.  o.  i '  "*    ^^^  "^^"'   o.  o.  o,  o,  i  "^  o.  o,  o,  i.T' 

of  the  sixth  to  eleventh,  g;  g;  g'J;  ^;  of  the  twelfth,  g;g;g;^;Q;  of  the 
thirteenth,  g;  g;  ^  \'  ^;  of  the  penult,  g;  ^{  ^  ^;  g,  claws  2;  of  the  anal, 

0.  0.  2.  0.  0   plowq  2 

Anal  legs  of  the  male  short;  uniformly  and  but  little  thickened. 
Penult  legs  as  usual;  lobe  or  process  extending  dorsocaudo-distad, 
flattened  in  a  distoectal  and  proximo-mesal  direction,  considerably 
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longer  along  line  of  attachment  than  its  height  above  surface  of  joint, 
at  distal  end  expanded  over  proximal  portion,  hairs  at  dbtal  end  of 
process  as  usual.    (Plate  3,  fig.  3-4). 

Gonopods  of  male  broad  but  very  short,  rounded;  bearing  two 
bristles. 

Length  of  male  type,  6.25  mm.;  width  of  tenth  plate,  .78  nmi.; 
length  of  antennae  1.75  nmi.;  of  anal  legs,  2  mm. 

LocALnr. —  Tennessee  (Russellville!). 


Nampabius  longiceps,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal  and  penult  legs  0,  0,  2,  0,  0; 
ventral,  0,  1,  1,  1,  0.  Dorsal  spines  of  thirteenth  legs,  0,  0,  2,  1,  0; 
ventral  0,  0,  1,  1,  1.  Dorsal  spines  of  twelfth  legs  0,  0,  2,  1,  1  - 
0,  0,  1, 1, 1.  Dorsal  spines  of  eleventh  legs,  0,  0,  0,  0, 1;  of  tenth  (as 
also  of  the  second  to  ninth),  0,  0,  0,  1,  1.  Ventral  spines  of  ninth  to 
twelfth  pairs  of  legs  (as  also  of  the  fourth  or  fifth  to  eighth),  0, 0, 0, 1, 1 . 

Ocelli  7  or  8  in  two  series. 

Prostemum  about  1.48  times  wider  than  long.  Distance  between 
chitinous  spots  2.15  times  the  width  at  median  incision;  3.5  times 
the  dental  line. 

Median  lobe  of  claw  of  female  gonopods  but  little  longer  than  the 
lateral.  Spines  wide  with  the  sides  parallel  from  base  to  the  very 
short,  acuminate  distal  portion. 

Body  slender,  being  8.5  times  longer  than  the  width  of  the  tenth 
plate. 

Head  only  slightly  wider  than  long,  less  rotund  than  in  N,  lulae. 

First  dorsal  plate  1.8+  times  wider  than  long. 

Dorsum  testaceous  with  anterior  and  posterior  plates  darker. 
Head  reddish  or  chestnut. 

Description. —  Dorsum  testaceous,  with  the  anterior  and  the 
posterior  plates  darker.  Head  reddish  or  chestnut.  Antennae  brown, 
pale  at  tips.  Prostemum  brown.  Venter  very  pale,  with  the  caudal 
plates  darker  and  the  anterior  ones  strongly  suffused  with  violaceous. 
Legs  pale  like  the  venter,  the  posterior  pairs  darker  brown. 

Body  comparatively  slender  being  about  8.5  times  longer  than 
width  of  tenth  plate.  Widths  of  head  and  of  first,  third,  eighth, 
tenth,  and  twelfth  plates  to  each  other  as  36:  30: 33: 41 :  41 :  39. 

Head  only  slightly  wider  than  long  (36: 35);  less  rotund  than  in 
hdae.    Hairs  moderate  in  length,  few. 
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Antennae  very  short,  reaching  only  the  fourth  or  fifth  segment. 
Articles  short  and  very  short,  decreasing  distad  as  usual.  Hairs  of 
moderate  length,  rather  sparse  proximally,  becoming  more  dense 
distad. 

Ocelli  7  or  8;  arranged  in  two  series:  —  thus,  1+3,  3;  1+4,  3. 

Prostemum  1.48 —  times  wider  than  long.  Distance  between 
chitinous  spots  2.15  times  the  width  at  level  of  median  incision;  3.5 
times  as  great  as  the  dental  line.  Teeth  subequal,  acute,  with  sides 
nearly  straight  but  with  interval  on  each  side  narrowly  rounded  at  the 
bottom;  line  of  apices  recurved.  Median  incision  well  rounded  at 
bottom  as  usual;  but  the  sides  more  nearly  straight  and  less  converg- 
ing. Sides  of  anterior  portion  but  slightly  convex,  sloping  ecto- 
caudad  immediately  from  base  of  spine. 

First  dorsal  plate  widest  near  anterior  end;  the  sides  moderately 
converging  caudad;  1.8  times  wider  than  long.  Thirteenth  plate 
with  caudal  angles  a  little  produced;  but  the  eleventh  and  ninth  with 
posterior  margin  straight  all  the  way  across  or  nearly  so,  or  the  eleventh 
showing  a  tendency  for  the  angles  to  be  weakly  produced. 

Coxal  pores  very  small;  2,  3,  3,  3. 

Spines  of  the  first  legs,  g'g'ooo?  ^^  ^^  ^^^d'  ol'o'l'l*  ^^ 
the  third,  g^g^^i;  of  the  fourth,  g^AO^  or g^^^|^  of  the 
fifth  to  tenth,  g;g;g;^^;^;  of  the  eleventh,  g;g;g;;;j[;  of  the  twelfth, 
V^l  1:1:1  ^r  g:g:o:i:i;  ^f  the  thirteenth,  g;g;Vl:?;  of  the  penult 
and  anal,  ^TjJxT^d'  ^^h  two  claws. 

Claw  of  the  gonopods  of  female  short,  moderately  curved,  tripartite; 
lobes  short  and  acute,  the  median  being  but  little  longer  than  the 
lateral.  Basal  spines  wide  with  sides  parallel  from  base  to  the  acumi- 
nate distal  portion  which  is  relatively  very  short  with  its  straight  sides 
converging  to  an  almost  obtuse  angle,  its  outer  side  being  longer  than 
its  inner.  Inner  side  of  first  article  of  gonopods  a  little  convex  distally 
and  slightly  concave  proximally,  subparallel  with  its  fellow. 

Length  of  type  6.5  mm.;  of  antenna,  1.9  mm.;  of  anal  leg,  1.8  mm.; 
width  of  tenth  dorsal  plate,  .76  mm. 

LocALTTT. —  North  Carolina  (Asheville!). 

Nampabius  lulae,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal  and  penult  legs,  0,  0,  2,  0,  0; 
ventral,  0,  1,  1,  1,  0.  Dorsal  spines  of  thirteenth  legs,  0,  0,  2,  1,  1; 
ventral,  0,  0,  0,  1,  1-0,  0,  1,  1,  1.    Dorsal  spines  of  twetfth  legs. 
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0, 0,  2,  1,  1 ;  of  the  eleventh,  0, 0, 0, 0,  1 ;  of  the  tenth  (as  also  of  sec- 
ond to  ninth),  0,  0,  0,  1,  1.  Ventral  spmes  of  ninth  to  twelfth  pairs 
of  legs  (as  also  of  the  sixth  to  eighth),  0,  0,  0, 1, 1. 

Ocelli  7  to  11  in  2  or  3  series. 

Prostemum  1.55+  times  wider  than  long.  Distance  between 
chitinons  spots  2.1  times  the  width  at  median  incision;  3.5  times  the 
dental  line. 

Body  about  seven  times  longer  than  the  width  of  tenth  plate. 

Head  subrotund;  wider  than  long. 

First  dorsal  plate  1.75  times  wider  than  long. 

Dorsum  rather  dark  brown,  in  some  of  reddish  caste.  Head  deep 
reddish  brown  or  almost  black. 

Description. —  Dorsum  rather  dark  brown,  which  may  be  some- 
what reddish  in  caste.  Head  deep  reddish  brown  or  almost  black. 
Antennae  dark  brown  proximally,  pale  at  tips.  Prostemum  brown, 
the  prehensorial  feet  considerably  lighter  in  shade.  Venter  dilute 
greyish  brown  to  light  brown,  the  caudal  plates  darker  brown  as  usual 
and  the  anterior  segments  commonly  distinctly  suffused  with  viola- 
ceous. Legs  like  corresponding  portion  of  venter,  the  posterior  pairs 
being  thus  darker,  brown,  paler  distally. 

Body  seven  times,  a  little  more  or  less,  longer  than  the  width  of  the 
tenth  plate.  Widths  of  head  and  of  first,  third,  eighth,  tenth,  and 
twelfth  plates  to  each  other  as  37: 31 :  34: 42: 44: 42. 

Head  subrotund,  wider  than  long  in  ratio  35.5 :  33.5.  Hairs  moder- 
ately short,  sparse. 

Antennae  short,  only  moderately  attenuated.  Articles  short, 
decreasing  distad  as  usual.  Hairs  of  moderate  length,  not  especially 
dense. 

Eyes  each  composed  of  from  7  to  12  ocelli  in  two  or  three  series:  — 
thus,  1+4,4,2;  1+4,4,1;  1+3,3;  1+4,3.  Single  ocellus  relatively 
large. 

Prostemum  1.55+  times  wider  than  long.  Distance  between 
chitinous  spots  2.1  times  width  at  level  of  bottom  of  median  incision; 
3.5  times  the  dental  line.  Teeth  small  and  acute;  line  of  apices  clearly 
recurved;  interval  between  teeth  of  each  pair  angular.  Median  inci- 
sion relatively  wide,  semicircular,  being  widely  curved  at  bottom  and 
with  sides  considerably  converging.  Spine  moderately  stout  at  base, 
long  and  acutely,  finely  acuminate  as  usual;  parallel  with  ectal  edge 
of  outer  tooth.  Lateral  slopes  beginning  at  spine  and  extending 
directly  ectocaudad. 

First  dorsal  plate  1.75  times  wider  than  long;  sides  from  middle  to 
anterior  end  nearly  straight  and  parallel;  caudad  of  middle  strongly 
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convexly  rounding  in  mesad  about  the  caudal  corners.  Ninth  plate 
with  its  caudal  margin  straight  or  a  little  bent  forwards  at  ends.  The 
eleventh  and  thirteenth  plates  with  posterior  comers  only  slightly 
produced  caudad. 

Coxal  pores  small;  on  distal  portion  of  coxa;  in  number  2,  2,  2,  2, 
mostly. 

Spines  of  first  legs,  g;g;g;g;;;  of  second,  gf^^^;  of  third  to 
tenth,  o'  6^  d'  i'  v  *^^  dorsal  spines  on  tenth  legs  being  on  anterior 
side  of  joint;  of  twelfth,  g'  q'  o  i'  v  ^^  dorsal  spine  of  fourth  article 
being  posterior  and  that  of  fifth  joint  anterior  in  position;  of  thir- 
^^^"^'  o\  o!  o!  i!  1 "  o'  o!  i'  i'  i>  ^^  ^^  single  dorsal  spines  situated 
on  posterior  side;  of  penult  and  anal  legs,  q'  ^*  \*  i*  %  each  with  two 
claws. 

Anal  and  penult  legs  of  male  short  and  moderately,  uniformly  in- 
flated; fourth  joint  longitudinally  sulcate  above,  the  third  and  fifth 
less  distinctly  so.    Process  of  penult  legs  present  in  usual  position. 

Gonopods  of  male  each  extending  somewhat  ectocaudad,  the  mesal 
side  being  very  long  and  convex  and  the  ectal  relatively  very  short, 
bearing  two  (or  one)  bristles. 

Length  from  5  to  6.5  mm.  A  male  6  mm.  long  has  antenna  2  mm. 
'  long;  anal  leg  1.8  or  1.9  mm.  long;  and  the  tenth  plate  .87  mm.  wide. 

Type  Locality. —  Georgia  (Lula). 

Known  Locauties. —  Georgia  (Lula  I);  Tennessee  (Johnson  City  I 
Russellville!). 

Nampabius  lundii  (Meinert). 
Lithohius  lundii  Meinert,  Myriap.  Mus.  Haumensis,  1886, 3,  p.  12. 

Description. —  The  original  description,  somewhat  rearranged,  is 
as  follows: 

Brunneus,  capite  cum  antennis  obscuriore,  subtus  pallidiore,  pedibus 
flavis. 

Sat  gracilis,  sublaevis. 

Capite  suborbiculare,  fere  aeque  longo  ac  lato. 

Antennae  breviusculae,  19-articulatae,  articulis  longiusculis. 

Oculi  ocellis  6-7,  in  series  3  digestis. 

Dentes  prostemales  bini. 

Laminae  dorsales  omnes  angulis  rectis. 
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Pori  coxales  2, 3, 3, 2,  rotundi,  parvi  vel  perparvi. 

Pedes  corporis  primi  paris  calcaribus  0,  0,  1 ;  pedes  anales  calcari- 
bus  1,  1,  1,  0  armati,  unguibus  binis;  pedes  penultimi  paris  unguibus 
binis  armati.    Pedum  analium  coxae  inermes. 

Pedum  penultimonim  tibiae  in  angulo  intemo  appendice  parvo 
nodiformi  instructae. 

Pedes  postici  breviusculi,  crassiusculi. 

Long,  (maris)  6.5  mm. 

LocALirr. —  Near  New  York  City  (L.  Lund) :  the  type  is  in  the 
Museum  at  Copenhagen. 


Garibius,  gen.  nov. 

Body  considerably  narrowed  from  the  tenth  segment  cephalad  to  the 
first,  the  dorsal  plate  of  which  is  much  narrower  than  the  head  a 
little  narrower  than  that  of  the  third  segment.  Moderate  to  slender, 
the  length  varying  from  7.5  to  9.5  times  the  width  of  the  tenth  plate. 
Varying  from  5  to  9.5  mm.  in  length. 

Antennae  short;  uniformly  composed  of  twenty  articles. 

Ocelli  in  three  or,  less  commonly,  in  two  series;  6  to  14  in  number. 
Single  ocellus  typically  not  larger  than  the  others. 

Prostemal  teeth  2+2;  line  of  apices  straight  or  but  little  recurved. 
Median  incision  v-shaped,  strictly  angular  at  bottom. 

Posterior  angles  of  none  of  the  dorsal  plates  produced. 

Claw  of  the  female  gonopods  in  all  known  species  tripartite.  Basal 
spines  2+2,  slender.    Mesal  side  of  first  article  nearly  straight. 

Coxal  pores  small  and  circular;  uniseriate;  from  2, 3, 3, 2  to  3, 4, 4, 3. 

Dorsal  spines  of  the  anal  legs  1,  0,  2, 0,  0  or  rarely  1,  0,  2, 1,  0;  ven- 
tral, 0,  1,  3, 1,  0;  claw  1.  Dorsal  spines  of  penult  legs  1,  0,  2,  1, 0  or 
1, 0, 2, 1, 1 ;  ventral,  0, 1, 3, 2, 1 ;  claws  3.  Dorsal  spines  of  thirteenth 
legs,  1, 0, 2, 1,  1 ;  ventral,  0, 1, 3, 3, 2  to  0, 0, 2,  3, 2.  Dorsal  spmes  of 
twelfth  legs,  1, 0,  2, 1, 1  or  0, 0, 0,  2, 2  to  1, 0,  2, 1, 2.  Dorsal  spines  of 
eleventh  legs  0, 0, 2, 1, 1  or  0, 0, 0, 2, 2  to  1, 0, 2, 1, 2;  ventral,  0,  0,  0, 
2, 1  to  0, 0, 2, 3, 2.  Dorsal  spines  of  first  legs  0, 0, 1, 1, 1  to  0, 0, 2,  2,  1 ; 
ventral,  0,  0,  0,  2, 1  to  0,  0,  1,  2, 1.  Last  three  or  four  pairs  of  coxae 
thus  dorsally  armed;  while  rarely  none  of  the  coxae  are  laterally 
armed,  in  most  those  of  the  last  pair  are,  and  those  of  the  last  two 
pair  may  be. 

Anal  legs  of  male  moderately  thickened;  tibia  always  bearing  at 
distal  end  on  dorsomesal  side  a  low  crest  bearing  sensory  setae 
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(Plate  4,  fig.  6,  7, 9)  much  as  in  the  genus  Nadabiiu  (coUium  Chamb., 
iowensis  Mein.,  and  allies).  The  tibia  of  the  penult  legs  may  or  may 
not  show  a  more  weakly  developed  similar  crest. 

Type. —  G.  monticolens,  sp.  nov. 

Distribution. —  Southeastern  States  and  northward  to  Pennsyl- 
vania and  New  Jersey. 

These  forms  seem  particularly  to  prefer  to  live  imder  the  bark  of 
fallen  trees. 

Note. —  In  my  paper  on  the  Lithobiomorpha  of  the  Southeastern 
States  (Ann.  Ent.  soc.  America,  1911,  4,  p.  32-50)  several  of  the 
species  now  described  were  placed  together  under  the  name  LUhobius 
branneri  Bollman,  the  several  forms  being  considered  tentatively  as 
varieties. 

The  following  key  is  given  as  an  aid  in  the  identification  of  the 
species. 

Key  to  species  of  Garibius. 

a.    Dorsal  spines  of  anal  legs  1,  0,  2,  1,  0.  6.  catawbae,  sp.  nov. 

aa.    Dorsal  spines  of  anal  legs  1,  0,  2,  0,  0. 

6.    First  seven  or  more  pairs  of  legs  with  the  third  joint  ventrally 

unarmed. 

c.    Third  joint  of  all  legs  dorsally  armed;   none  of  the  coxae 

laterally  armed;  dorsal  spines  of  penult  legs  1,  0,  2, 1,  0;  of 

the  twelfth,  0, 0, 2, 1, 1  or  1, 0, 2, 1, 1.     G.  georgiae,  sp.  nov. 

cc.    Third  joint  of  first  ten  or  more  pairs  of  legs  dorsally  unarmed ; 

last  pair  of  coxae  laterally  armed;   dorsal  spines  of  penult 

legs  1,  0,  2,  1,  1;  of  the  twelfth  0,  0,  2,  2,  2. 

G.  alabamae,  sp.  nov. 
66.    All  legs,  or  all  excepting  the  first  pair,  with  the  third  joint 
armed  both  dorsally  and  ventrally. 
c.    Last  two  pairs  of  coxae  laterally  armed. 

d.    Ventral  spines  of  second  to  sixth  legs  1,  3,  1;    of  1st, 

1,  2,  1,  with  the  dorsal  2,  1,  1;  head  equal  in  length  and 

breadth.  G.  pagoketes,  sp.  nov. 

dd.    Ventral  spines  of  second  to  seventh  legs  1,  2,  1 ;  of  first 

0,  2,  1,  with  the  dorsal  1,  1, 1 ;  head  distinctly  wider  t}ian 

long.  G.  mississippiensis,  sp.  nov. 

cc.    Either  none,  or  only  the  last  pair,  of  coxae  laterally  armed. 

d.    None  of  the  coxae  laterally  armed;  dorsal  spines  of  the 

eleventh  legs  2, 1,  2,  the  ventral  1,  3,  2;  ventral  spines  of 

the  first  legs  1,  3,  2.  6.  dendropkUus,  sp.  nov. 
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dd.    Last  pair  of  coxae  laterally  armed;    dorsal  spines  of 

eleventh  legs  2,  1,  1,  ventral  2,  3^  2  or  3»  3,  2;   ventral 

spines  of  first  legs,  1,  2, 1  or  1,  3, 1. 

e.    Ventral  spines  of  eleventh  and  twelfth  legs  2,  3,  2;  of 

second  to  sixth,  1,  3,  2.  G.  opicolens,  sp.  nov. 

ee.    Ventral  spines  of  eleventh  and  twelfth  legs  3,  3,  2;  of 

second  to  sixth  1,  3,  1.  0.  monticolens,  sp.  nov. 


Garibius  catawbae,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal  and  of  penult  legs,  1,  0,  2,  1,  0. 
Ventral  spines  of  thirteenth  legs,  1,  3,  3,  2  or  1,  2,  3,  2.  Dorsal  spines 
of  twelfth  legs,  0,  0,  2,  1,  1 ;  ventral,  0,  0,  2,  3,  2.  Dorsal  spines  of 
eleventh  legs,  0,  0,  2,  2, 2;  ventral,  0, 0,  2, 3,  2.  Dorsal  spines  of  first 
legs,  0, 0, 2, 1, 1 ;  ventral,  0, 0, 1, 2, 1.  Third  joint  of  all  legs  dorsally 
and  also  ventrally  armed.    Last  pair  of  coxae  laterally  armed. 

Antennae  as  usual. 

Ocelli  about  14  in  three  series. 

Prostemum  1.65  times  wider  than  long.  Distance  between  chitin- 
ous  spots  2.7  times  the  width  at  median  incision;  3.78  times  the 
dental  line.    Median  incision  strictly  V-shaped. 

Coxal  pores  3,  4,  4,  3. 

Body  about  8.4  times  longer  than  width  of  tenth  plate. 

Length  (of  type)  8  mm. 

First  dorsal  plate  1.73  times  wider  than  long. 

Anal  legs  in  the  male  with  the  usual  crest.  (Plate  4,  fig.  8-9). 
Penult  legs  with  the  tibia  also  bearing  a  sharp  longitudinal  ridge 
along  dorsocaudal  side  the  form  of  which  at  its  distal  end  is  some- 
what suggestive  of  the  crest  of  the  anal  leg. 

Dorsum  light  chestnut;  head  scarcely  darker. 

Description. —  Light  chestnut  above.  Head  scarcely  darker. 
Antennae  in  color  like  the  head,  pale  at  tips. 

Prostemum  light  brown,  with  the  prehensorial  feet  paler.  Venter 
pale,  the  caudal  plates  darker,  burnt  brown.  Legs  pale,  with  tarsi 
most  pigmented;  posterior  pairs  darker,  brown  or  pale  chestnut, 
lighter  distally. 

Body  of  usual  form.  Length  about  8.4  times  width  of  the  tenth 
dorsal  plate.  Widths  of  head  and  of  first,  third,  eighth,  tenth,  and 
twelfth  plates  to  each  other  as  45: 40: 42: 49: 50: 44. 

Head  of  equal  width  and  length  or  very  nearly  so.    Nearly  of  uni- 
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form  width  between  eyes  and  marginal  breaks;  narrowed  rather 
more  than  usual  cephalad. 

Antennae  short.  Composed  of  the  usual  twenty  articles  which  are 
short,  articles  more  loosely  united  distally. 

Eyes  composed  of  about  14  ocelli  arranged  in  three  series: —  thus, 
1+5,4,4. 

Prostemum  1.65  times  wider  than  long.  Distance  between  chitin- 
ous  spots  2.7  times  width  at  level  of  bottom  of  median  incision;  3.78 
•  times  the  length  of  dental  line.  Mesal  incision  strictly  V-shaped, 
the  sides  being  straight  and  meeting  in  an  acute  angle  at  bottom. 
Teeth  acute,  with  their  sides  straight;  the  interval  between  each  pair 
subacute  at  bottom  or  but  narrowly  rounded;  inner  tooth  distinctly 
larger  than  the  outer;  line  of  apices  straight  or  very  nearly  so.  Lateral 
slope  beginning  at  outer  tooth;  convex  for  entire  length,  most  strongly 
so  near  its  middle. 

First  dorsal  plate  with  sides  convex  anteriorly;  widest  a  little  back 
of  anterior  end  from  where  to  the  rounded  caudal  comers  the  sides 
are  nearly  straight  and  converge  conspicuously;  about  1.73  times 
wider  than  long.  Posterior  comers  of  ninth,  eleventh,  and  thir- 
teenth dorsal  plates  simply  rounded. 

Coxal  pores  small,  regularly  decreasing  proximad  on  each  coxa;  in 
number,  3,  4,  4,  3. 

Spines  of  first  legs,  ^'  o'x^^;   of  the  second  to  sixth,  q!  o  i' 3*  i' 

of  seventh,  ^^^[ll'A'^  ^^  eighth,  g; ^^HtI  ^^  ^i^H'  ^^  "^^h, 
g:g'J'JJ;  of  tenth  and  eleventh,  g^g^^;  of  twelfth,  g^^^l^-J; 
of  thirteenth,  J;  ?;-|^  or  -J;-?;-^tifl;  of  penult,  ^uHrv  ^^'^^^  ^^ 
of  the  anal,  g^-l'-p-g;   claw  single.    Coxae  of  anal  legs  laterally 

armed. 

Anal  legs  of  male  moderately  crassate,  with  the  tarsi  more  or  less 
abruptly  more  slender  than  the  tibia,  tibia  at  distal  end  with  dorso- 
mesal  comer  flattened  and  there  bearing  the  typical  low  ridge  or  crest. 
Dorsomesal  edge  of  crest  forming  almost  a  straight  line,  at  distal  end 
convex;  bearing  a  number  of  moderately  long  hairs.  (Plate  4,  fig. 
8-9).  Joints  longitudinally  sulcate  above  and  laterally.  Penult  legs 
with  tibia  bearing  a  sharp  longitudinal  ridge  along  dorsocaudal  side> 
this  at  distal  end  in  appearance  suggestive  of  the  crest  of  anal  legs. 

Length  of  type  (cf)  8  mm.;  length  of  antennae,  2.5  mm.;  of  anal 
legs  also  near  2.5  mm.;  width  of  tenth  plate,  .95  mm. 

LocALiTT. —  North  Carolina  (Catawba!). 
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Garibixjs  monticolens,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal  legs  1,  0,  2,  0,  0.  Dorsal  spines 
of  penult  legs  1, 0, 2, 1, 0.  Ventral  spines  of  thirteenth  legs,  0, 1, 3, 3, 2. 
Dorsal  spines  of  twelfth  legs,  1, 0, 2, 1, 1 ;  ventral,  0, 0, 3, 3, 2.  Dorsal 
spines  of  eleventh  legs,  0,  0,  2,  1,  1;  ventral,  0,  0,  3,  3,  2.  Dorsal 
spines  of  first  legs,  0,  0,  2,  2,  1;  ventral,  0,  0,  1,  2,  1.  All  legs  with 
third  joint  armed  both  dorsally  and  ventrally.  Last  pair  of  coxae 
laterally  armed. 

Antennae  of  usual  form.     (Plate  4,  fig.  3). 
Ocelli  about  14  in  three  series.     (Plate  4,  fig.  4). 
Prostemum  1.53  times  wider  than  long.    Distance  between  chitin- 
ous  spots  2.38  or  2.4  times  width  at  median  incision;  3.58  times  length 
of  dental  line.     (Plate  4,  fig.  1-2). 

Anal  leg  of  male  moderately  inflated;  tarsi  abruptly  more  slender; 
tibia  bearing  a  crest  in  the  usual  position,  this  clothed  with  a  subdense 
series  of  long  hairs.     (Plate  4,  fig.  6-7).    Penult  legs  without  lobes. 
Body  slender;  9.5  times  as  long  as  width  of  tenth  plate. 
Head  cordate;  equal  in  length  and  width  or  nearly  so. 
First  dorsal  plate  2.5  to  2.6  times  wider  than  long. 
Dorsum  light  brown.     Head  dilute  ferruginous  brown  or  somewhat 
orange  with  frontal  region  paler. 

Description. —  Above,  light  brown.  Head  dilute  ferruginous 
brown  or  somewhat  orange,  with  the  frontal  region  paler.  Antennae 
light  brown,  paler  distad  as  usual.  Prostemum  lighter  than  head. 
Venter  pale  testaceous;  the  caudal  plates  more  deeply  pigmented, 
more  or  less  orange.  Legs  pale  testaceous  with  the  tarsi  more  pig- 
mented, the  posterior  pairs  darker,  brownish. 

Body  slender,  being  nearly  9.5  times  longer  than  the  width  of  the 
tenth  plate.  Widths  of  head  and  of  first,  third,  eighth,  tenth,  and 
twelfth  plates  to  each  other  as  54: 46:  47:  54:  56:  55. 

Head  cordate.  Equal  in  length  and  width  or  very  nearly  so. 
Nearly  constant  in  width  between  level  of  eyes  and  that  of  lateral 
breaks  or  a  little  caudad  of  then. 

Antennae  short.  Composed  of  the  usual  twenty  articles,  these 
being  loosely  joined.      (Plate  4,  fig.  3). 

Eyes  consisting  of  about  14  ocelli  arranged  in  three  series :  —  thus, 
1+5,  5,  3.  Single  ocellus  oval.  Ocelli  of  upper  series,  especially  the 
more  caudal  ones,  conspicuously  larger  than  the  other  ones,  the  ocelli 
decreasing  in  size  cephalad  and  ventrad.     (Plate  4,  fig.  4). 
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Prostemum  1.53  times  wider  than  long.  Dbtance  between  chitin- 
ous  spots  2.38-2.4  times  width  at  level  of  bottom  of  median  incision; 
3.58  times  length  of  dental  line.  Mesal  incision  v-shaped,  with  sides 
nearly  straight.  Teeth  acute,  the  mesal  one  larger  than  the  ectal; 
line  of  apices  straight  or  slightly  recurved.  Spine  considerably  stouter 
at  base  than  the  hairs,  slender  distally,  of  moderate  length.  Lateral 
slopes  convex  cephalad,  concave  and  bending  ectad  caudally.  (Plate 
4,  fig.  1-2). 

First  dorsal  plate  widest  a  little  caudad  of  the  anterior  end  from 
where  the  sides  are  nearly  straight  and  moderately  converging  to  the 
rounded  posterior  comers ;  2.5  to  2.6  times  wider  than  long.  Posterior 
angles  of  ninth,  eleventh,  and  thirteenth  dorsal  plates  simply  rounded, 
with  no  tendency  toward  production. 

Coxal  pores  small  and  circular;  on  each  coxa  decreasing  regularly 
proximad. 

Spines  of  first  legs,  g;g;fj;};  of  second  to  fifth,  g;gj>^;|;    of 

sixth,  g;-|A|^  or  g^^^'  ^'  ^^^^^^^'  k%^'^  <>*  ^'gl^^h, 
er^stl  ^r  rorirl'  ^'  ^^^  ^^^  tenth,  g^o^^^.  ^f  ^he, 
eleventh,  gg'J;^;^;  of  the  twelfth,  1\q[1]1]1;  of  the  thirteenth, 
^'^J'J'J;  of  the  penult,  ^;  ^;  |;  ^;  ^,  with  three  claws,  of  which  the 
anterior  is  often  very  small,  sometimes  spine  of  coxa  is  doubled, 
making  the  dorsal  formula  thus  2,  0,  2,  1,  0;  of  the  anal,  o  i'  f  ?*  S» 

the  claw  single,  long. 

Anal  legs  of  male  moderate  in  length,  moderately  inflated  distad  to 
the  tarsus  which  is  abruptly  more  slender;  tibia  obliquely  complanate 
at  distal  end  on  mesal  side  toward  dorsal  surface  and  there  bearing  a 
low  subtriangular  crest,  the  elevated  end  of  which  is  caudad,  its 
mesal,  gently  convex  edge  gradually  resuming  the  level  of  the  joint 
proximad,  the  crest  bearing  a  subdense  series  of  moderately  long  hairs 
which  tend  to  be  somewhat  curved  caudad  at  their  distal  ends  (Plate  4, 
fig.  6-7).  Penult  legs  more  slightly  thickened,  without  special  lobes. 
Third,  fourth,  and  fifth  joints  of  both  anal  and  penult  legs  longitudi- 
nally sulcate  dorsally. 

Length  of  male  type  9.5  mm.;  width  of  tenth  plate  1.07  mm.; 
length  of  antenna,  3.5  mm. ;  of  anal  leg  also  3.5  mm. 

Type  Locality. —  Tennessee  (Unaka  Springs!). 

Localities. —  Tennessee  (Unaka  Springs!);  North  Carolina  (Ash- 
villel    Brown's  Summit!). 
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Garibius  opicolens,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal  legs  1,  0,  2,  0,  0;  of  penult 
1,  0,  2,  1,  0.  Ventral  spines  of  thirteenth  legs,  0,  1,  3,  3,  2.  Dorsal 
spines  of  twelfth  legs,  1, 0, 2, 1, 1,  ventral,  0, 0, 2, 3, 2.  Dorsal  spines 
of  eleventh  legs,  1,  0,  2,  1,  1;  ventral,  0,  0,  2,  3,  2.  Dorsal  spines  of 
first  legs,  0, 0, 2, 2, 1 ;  ventral,  0, 0, 1, 2, 1,  or  0, 0, 1, 3, 1.  Third  joint 
of  all  legs  armed  both  dorsally  and  ventrally.  Last  pair  of  coxae 
lateraUy  armed. 

Brown  to  light  chestnut;  head  subferruginous,  dusky  caudad  of 
suture. 

Body  moderate,  being  about  8.25  times  longer  than  width  of  tenth 
plate. 

Head  broadly  subcordate,  nearly  equal  in  length  and  breadth. 

Eyes  composed  of  from  thirteen  to  fifteen  ocelli  in  three  series. 

Prostemum  1.54  times  wider  than  long,  as  in  6.  monticolens. 

Penult  legs  without  lobes;  anal  legs  moderately  inflated  with  the 
tarsi  abruptly  more  slender,  and  the  tibia  bearing  the  usual  crest 
which  is  nearly  as  in  monticolens. 

Gonopods  of  female  with  claw  short  and  wide,  tripartite,  outer- 
most lobe  smallest;  outer  spine  considerably  longer  than  the  inner 
on  each  side,  sides  of  spines  subparallel  to  the  short  and  abruptly 
acuminate  distal  portion. 

Description. —  Dorsum  brown  to  light  chestnut,  with  nearly 
always  a  blackish  median  longitudinal  stripe  for  all  or  most  of  length 
while  two  or  more  of  the  most  anterior  plates  may  be  margined, 
caudally  with  blackish;  fifteenth  plate  abruptly  lighter,  yellowish  or 
light  orange.  Head  subferruginous,  dusky  caudad  of  suture  with  a 
blackish  median  spot  or  stripe  on  caudal  portion.  Antennae  dark 
proximally,  orange  or  rufous  distad.  Prostemum  orange  or  light 
ferruginous.  Venter  brown,  the  last  plate  orange  like  the  correspond- 
ing dorsal  one,  with  the  immediately  preceding  one  or  two  also  often 
lighter.  The  posterior  pairs  of  legs  more  densely  pigmented  as  usual, 
the  distal  joints  being  light  orange. 

Body  of  moderate  build,  being  about  8.23  to  8.26  times  longer  than 
width  of  tenth  dorsal  plate. 

Head  broadly  subcordate.  Equal  in  length  and  breadth  or  very 
slightly  longer  (49: 48).  Widest  just  caudad  of  the  marginal  breal^ 
from  where  the  sides  converge  slightly  cephalad  to  the  eyes. 

Antennae  short.    The  twenty  articles  short,  of  uniform  proportions, 
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moderately  compactly  joined,  being  less  loose  than  in  types  of  monti- 
colens;  ultimate  article  long  and  pointed.    Hairs  rather  long,  straight. 

Eyes  composed  mostly  of  from  thirteen  to  fifteen  ocelli  arranged  in 
three  series: — thus,  1+5,  4,  3;  1+5,  4,  4;  1+5,  5,  4.  The  single 
ocellus  is  typically  broad  and  may  be  materially  the  largest;  of  the 
others  those  of  the  dorsal  series  are  materially  the  largest,  these  de- 
creasing in  size  cephalad. 

Prostemum  cir.  1.54  times  wider  than  long.  Distance  between 
chitinous  spots  2.4  times  width  at  level  of  median  incision;  3.78+ 
times  the  dental  line.  Outer  tooth  of  each  pair  smaller  than  the 
inner  one,  both  subacute ;  line  of  apices  very  slightly  recurved.  Inter- 
val between  teeth  of  each  pair  semicircular.  Sides  of  median  incision 
straight,  the  bottom  well  rounded.  Ectal  spine  materially  stouter  at 
base  than  neighboring  bristles,  rapidly  acuminate  to  about  middle  of 
length,  distad  of  where  it  is  bristle-like;  straight  and  moderately  long. 

Coxal  pores  circular  and  small ;  nearly  uniform  in  size  or  the  most 
proximal  on  coxa  reduced.  Common  formulae  are  these:  3,  4,  4,  3; 
4, 4, 4, 3;  4,  5, 4, 3;  4, 5, 4, 4;  4, 5, 5, 4. 

Spines  of  first  l^g8>  o.'  o!  i!  271  ^^  &!  diTTsTi '  ^^  ^^^  second  to  sixth 

pau^,  orgli'J;^^  of  the  seventh,  gi-P'^||i^;  of  the  eighth  to  tenth, 

o^2.|l2.  '^f\^^  eleventh  and  twelfth,  ^gj^f^f^;  of  the  thh-teenth, 

ii^l^i^;  of  the  penult,  J|  ^;  ^;  }y  ^,  with  three  claws,  of  which  the 

accessory  ones  are  small  but  distinct;,  of  the  anal,  J-i'lf^^,  claw 

single,  long.  The  median  ventral  spines  of  legs  especially  long.  In 
one  specimen  the  inner  ventral  spine  of  prefemur  of  both  penult  legs 
is  bifid  for  about  half  of  length.     Coxae  of  anal  legs  laterally  armed. 

Anal  legs  of  male  of  moderate  length,  considerably  longer  than  the 
penult;  moderately  inflated,  with  the  tibia  a  little  clavately  widening 
dbtad  and  the  tarsal  joints  abruptly  more  slender;  tibia  at  distal  end 
with  dorsomesal  surface  obliquely  complanate  and  there  bearing  the 
usual  crest,  the  free  edge  of  which  toward  caudal  end  is  convex  and 
somewhat  lowering  distad  but  materially  less  so  than  the  general  sur- 
face of  joint  and  sides  of  crest;  crest  bearing  a  series  of  hairs  which  are 
straight  or  with  some  of  them  a  little  bent  caudad  at  ends,  these  hairs 
more  slender  than  bristles  of  other  parts  of  joint;  the  crest  very  simi- 
lar to  that  of  monticolens,  see  Plate  4,  fig.  6-7.  Penult  leg  of  male 
also  moderately  inflated,  without  any  crest  or  special  lobe.  Prefemur, 
femur  and,  less  distinctly,  the  tibia  of  anal  and  penult  legs  longi- 
tudinally dorsally  sulcate. 
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The  single  article  of  the  gonopods  of  male  small  but  well  exposed. 
Distally  obliquely  subtruncate.  Bearing  on  distal  surface  mostly 
•  two  long  bristles. 

Claw  of  female  gonopods  short  and  relatively  wide;  tripartite,  the 
divisions  acute  and  rather  longer  than  usual,  the  middle  lobe  but 
slightly  longer  than  the  inner  one,  the  outer  one  considerably  shorter 
and  more  slender.  Basal  spines  with  outer  one  of  each  pair  con- 
spicuously longer  than  the  inner;  sides  of  spines  subparallel  or  slightly 
diverging  from  base  to  the  acuminate  distal  portion  which  is  very  short, 
occupying  about  one  fourth  of  the  total  length,  its  sides  strongly 
converging,  its  apex  narrowly  rounded;  a  denticle  usually  manifest 
on  margin  at  beginning  of  acuminate  portion  on  each  side. 

Length  8  to  11  mm.  A  specimen  10.5  mm.  in  length  has  antennae 
2.6  mm.  long  and  anal  legs  3.5+  mm.  long. 

Immaturus, —  Body  pale  yellow  or  dilute  brown  tinged  with 
violaceous.  Head  yellow  or  pale  orange.  Anal  legs  whitish  to  yel- 
low.    Antennae  pale  yellow. 

Antennae  very  short.  Articles  twenty,  these  distad  of  the  fourth 
or  fifth  being  very  short,  proportionately  more  so  than  in  the  adult, 
closely  compacted.     Hairs  long,  not  dense. 

Eyes  composed  of  six  to  eight  ocelli  arranged  in  two  series :  —  thus, 
1+3,  2;  1+3,  3;  1+4,  3.  Ocelli  pale.  Single  ocellus  somewhat 
largest;  caudal  two  of  dorsal  row  large,  subequal  the  most  anterior 
and  those  of  the  lower  row  reduced. 

Prosternum  practically  as  in  the  adult  as  regards  the  form  and  rela- 
tions of  teeth  and  ectal  spines.     Teeth  pale. 

Coxal  pores  small,  with  the  most  proximal  one  on  each  coxa  only 
very  slightly  smaller  than  the  distal  one;  2,  2,  2,  2. 

Spines  of  6rst  legs,  5^;ii,   g^P^AOj,  or  g^AOOJ;    of  the 

second  to  fifth  pair,  ^g^l^K;  or  »•  g-l^;  of  the  sixth,  HHX 

to  5^5^H^I^  ^^  ^^  s«^'«"ti^'  rotrrf  to  "g^;^^;  of  the  eighth, 

%M:^^    to    g-fi^;    of    the    ninth,    ^^^±   to    o,^^^; 

of  the  tenth,  ^^4^4^^  to  "e^^O^^;  of  the  twelfth,  g;  ?;-l;-J^  to 

§^0^2^;    of    the   thirteenth,  g^o^^;-?.   er^^,   i^^^|ri^?.  or 

j^-o^l^i;  of  the  penult,  i^^;-!^;  of  the  anal,  i^Hrr|.    Anal 

coxae  armed  laterally  as  in  the  adult. 

Claw  of  female  gonopods  very  small  and  weak,  consisting  of  a  single 
pointed  process  or  with  the  lateral  divisions  indicated  as  slender 
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spinous  points  at  base  of  the  median  process.  Either  two  or  three 
articles  present.  Basal  spines  1+1;  slender  and  acutely  acuminate 
from  base  distad. 

Length  4.75  to  5.75  nmi. 

Agenitalis  I. —  Body  very  pale,  sufiFused  with  violaceous.  Head, 
prehensorial  feet  and  prostemum  light  orange.  Antennae  dilute 
yellow.  Legs  almost  without  pigment  excepting  the  caudal  pairs 
which  are  yellow. 

Antennae  composed  of  seventeen  articles.  Distally  submoniliform. 
Bristles  long,  subsparse. 

Ocelli  four  in  two  series: —  thus,  1+2, 1.  The  single  ocellus  smaller 
than  the  caudal  one  of  the  upper  series;  the  two  ocelli  of  upper  series 
well  separated. 

Prostemal  teeth  and  spines  of  nearly  same  form  and  relations  as  in 
the  adult. 

Coxal  pores  1,  1,  1,  1. 

Anal  glands  still  evident. 

Length  cir.  4  mm. 

Type  LocALmr. —  New  Jersey  (Masonvillel). 

LocAUTiES. —  New  Jersey  (Masonvillel  Camden  I  Westfieldl); 
Pennsylvania  (Upsall    Philadelphia!). 

In  New  Jersey  thb  species  is  found  occurring  commonly  under  the 
bark  of  fallen  trees  in  pine  woods. 

This  form  is  evidently  very  close  to  monticolena  with  which  the  first 
inclination  was  to  unite  it;  but  the  examination  of  a  considerable 
number  of  specimens  from  the  localities  above  listed  showed  no  varia- 
tion in  a  number  of  differences  presented.  The  most  definite  and 
readily  usable  difference  is  in  the  spining  of  the  eleventh  and  twelfth 
pairs  of  legs,  the  formula  for  the  ventral  surface  of  which  in  monticolena 
is  0,  0,  3,  3,  2  whereas  in  all  specimens  of  opicolens  examined  it  is  uni- 
formly 0,  0,  2,  3,  2.  A  larger  number  of  the  posterior  coxae  are  dor- 
sally  armed,  but  this  in  other  species  is  subject  to  considerably  varia- 
tion so  that  it  may  not  prove  of  distinctive  value  in  the  present  case. 
•  Oaribius  opicolens  is  more  robust  and  abo  presents  well  marked  differ- 
ences in  color  and  color-pattern  from  that  shown  by  the  individuals  of 
monticolens  thus  far  observed. 

Garibius  dendrophilub,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal  legs,  1,  0,  2, 0, 0;  of  the  penult, 
1, 0, 2, 1, 0.    Ventral  spines  of  the  thirteenth  legs,  0, 0, 3, 3, 2.    Dorsal 
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spines  of  the  twelfth  legs,  1,  0,  2,  1,  1;  ventral,  0,  0,  2,  3,  2.  Dorsal 
spines  of  the  eleventh  legs,  0,  0,  2, 1,  2;  ventral,  0,  0, 1,  3,  2.  Dorsal 
spines  of  the  first  legs,  0,  0,  2,  2, 1 ;  ventral  0,  0, 1,  3,  2.  None  of  the 
coxae  laterally  armed. 

Ocelli  mostly  near  twelve,  in  three  series. 

Prostemum  cir.  1.46  times  wider  than  long. 

Penult  legs  of  male  without  lobes  and  the  crest  of  tibia  of  anal  legs 
almost  obsolete. 

Head  subcordate;  wider  than  long. 

Robust,  in  type  not  fully  seven  times  longer  than  width  of  tenth 
plate. 

Dorsum  reddish  brown,  with  caudal  margins  of  plates  darkened; 
head  light  ferruginous,  darker  along  caudal  portion. 

Description. —  Dorsum  reddish  brown,  somewhat  darker  along 
caudal  borders  of  plates;  last  two  plates  brighter,  more  reddish  in 
color.  Head  light  ferruginous,  darker  across  caudal  portion.  Pro- 
stemum yellow  ferruginous,  the  prehensors  being  yellow.  Antennae 
yellow  prox  imally  and  more  or  less  violaceous  brown  elsewhere  except- 
ing at  very  tip  which  is  again  lighter.  Venter  light  brown  of  viola- 
ceous tinge;  the  anterior  plates  somewhat  darker,  more  reddish,  and 
the  posterior  ones  decidedly  darker,  subferruginous.  Legs  pale;  the 
anal  and  penult  pairs  bright  yellow  excepting  at  bases. 

Body  considerably  more  robust  than  in  0,  monticolens  and  opicolens, 
in  the  type  being  not  fully  seven  times  as  long  as  width  of  tenth  dorsal 
plate. 

Head  subcordate.  Widest  at  or  a  little  in  front  of  marginal  breaks 
between  which  and  the  eyes  the  sides  are  convex;  sides  converging 
from  breaks  caudad  about  the  well  rounded  comers  to  the  caudal 
margin  which  is  straight  or  slightly  incurved.  Anterior  margin 
between  eyes  substraight,  crenately  indented  a  little  each  side  of 
median  line.  Hairs  of  moderate  length;  sparse.  Wider  than  long 
about  in  ratio  58: 65. 

Antennae  rather  short;  2.75—  times  longer  than  the  head.  Com- 
posed of  the  usual  twenty  articles  which  decrease  uniformly  in 
diameter  and  length  distad;  rather  loosely  joined;  ultimate  article 
relatively  shorter  than  in  monticolens  and  opicolens.  Hairs  long 
and  straight,  of  moderate  denseness. 

Eyes  consisting  mostly  of  about  twelve  ocelli  arranged  in  three 
series:  —  thus,  1+5, 4, 2;  1+5, 3, 2.    Single  ocellus  largest. 

Prostemum  cir.  1.46  times  wider  than  long.  Distance  between 
chitinous  spots  nearly  three  times  (in  type  2.9—)  as  great  as  width  at 
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level  of  bottom  of  median  incision;  3.84  times  the  length  of  the  dental 
line.  Mesal  incision  v-shaped,  subacute  at  bottom  but  with  the 
converging  sides  a  little  concave.  Line  of  bases  of  teeth  distinctly 
recurved ;  but  the  inner  tooth  on  each  side  larger  than  the  outer  so  that 
the  line  of  apices  is  nearly  straight.  Teeth  acute,  the  interval  between 
those  of  each  pair  angularly  rounded  at  bottom.  Ectal  spine  stouter 
at  base  than  the  bristles,  rapidly  acuminate,  short. 

Coxal  pores  moderately  small;  in  type,  2,  3,  3,  2. 

The  single  article  of  the  gonopod  of  male  broad  but  short  and  only 
slightly  exposed.  Broadly  truncate.  A  moderately  long  median 
apical  bristle  and  at  least  one  more  ectal  in  position. 

Spines  of  first  to  eighth  pairs  of  legs,^^'  ^'  3'  ^;  of  ninth  and  tenth 

pairs,  g;g;^;|;^;'of  the  eleventh,  Sfg;^!;^;  of  the  twelfth, 
^:gJJ;^of  the  thirteenth,  ^1^^^;  of  the  penult,  ^iMt'^ 
of  the  anal,  ^'  ^'  ^'  ^  q,  claw  one.     None  of  the  coxae  laterally  armed. 

Length  cir.  7.5  mm.  Length  of  antennae  2.7  mm.;  of  anal  legs, 
3+  mm. 

LocAUTY. —  Pennsylvania  (Philadelphia!). 

One  male  thus  far  known.  Like  the  preceding  species,  the  type  of 
this  one  was  found  under  the  bark  of  a  fallen  log. 

This  species  appears  to  be  related  somewhat  closely  to  the  two  pre- 
ceding ones;  but  it  is  very  readily  distinguishable  through  lacking  a 
lateral  spine  on  the  anal  coxae;  the  ventral  spines  of  the  anal  leg 
being  0, 1,  3,  2,  0  instead  of  the  more  usual  0, 1,  3, 1,  0;  the  absence  of 
spine  from  trochanter  of  thirteenth  legs;  the  dorsal  spines  of  the 
eleventh  legs  being  0, 0, 2, 1, 2  instead  of  0, 0, 2, 1, 1  or  1, 0, 2,  1,1,  and 
the  ventral  0, 0, 1, 3, 2  instead  of  0, 0, 2, 3, 2  or  0, 0, 3, 3, 2 ;  the  ventral 
spines  of  the  first  legs  being  0, 0,  1, 3, 2  instead  of  0, 0, 1, 2, 1  or  0, 0,  1, 
3, 1 ;  through  the  almost  obsolete  crest  of  tibia  of  anal  legs;  and  finally 
through  apparently  greater  robustness. 


Garibius  pagoketes,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal  legs  1,  0,  2,  0,  0.  Dorsal  spines 
of  penult  legs,  1,  0,  2,  1,  0.  Ventral  spines  of  thirteenth  legs,  0,  1,  3, 
2,  2.  Dorsal  spines  of  twelfth  legs  0,  0,  2,  1,  1 ;  ventral  0,  0,  2,  3,  2. 
Dorsal  spines  of  eleventh  legs  0, 0, 2, 1, 2 ;  ventral,  0, 0, 2, 3, 2.  Dorsal 
spines  of  first  legs  0, 0,  2, 1, 1 ;  ventral,  0,  0, 1,  2, 1.     All  legs  with  the 
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third  joint  armed  both  dorsally  and  ventrally.  Last  two  pairs  of 
coxae  laterally  armed. 

Antennae  of  usual  structure  and  relations. 

Ocelli  10  in  two  or  three  series. 

Prostemum  1.65—  times  wider  than  long. 

Length  (type)  8  mm. 

Body  eight  times  longer  than  width  of  tenth  plate. 

Head  equal  in  length  and  breadth. 

First  dorsal  plate  1.65  times  wider  than  long. 

Dorsum  brown,  darker  caudad.  Head  light  in  front  of  suture. 
Antennae  rufous  yellow  distad. 

Description. —  Dorsum  brown,  the  caudal  plates  becoming  some- 
what dilute  chestnut.  Head  pale  in  front  of  the  suture.  Antennae 
brownish,  distally  lighter,  yellow  of  somewhat  rufous  tinge.  Legs 
brownish  yellow,  the  anterior  pairs  lightest,  caudal  pair  more  yellow 
distally.  Venter  light  brown,  darker,  more  reddish,  caudad.  Pro- 
stemum testaceous. 

Head  subcordate;  equal  in  length  and  breadth;  of  nearly  uniform 
width  between  eyes  and  lateral  breaks  or  a  little  widest  at  the  latter; 
widely  rounded  from  the  breaks  caudad  about  the  comers. 

Antennae  short.  Articles  distad  of  the  third  short  and  very  short, 
the  distal  ones  proportionately  somewhat  longer  than  the  more 
proximal. 

Eyes  in  type  consisting  of  ten  ocelli  arranged  in  two  or  three  series :  — 
thus,  1+5,  4  to  1+4,  3,  2.    Single  ocellus  large. 

Prostemum  about  1.65—  times  wider  than  long.  Distance  between 
chitinous  spots  3.75  times  width  at  median  incision,  4  times  the 
dental  lines. 

First  dorsal  plate  1.65  times  wider  than  long.  Posterior  angles  of 
eleventh  and  thirteenth  dorsal  plates  obliquely  excised. 

Coxal  pores  small,   circular,   decreasing  proximad;    in  number, 

«J,  o,  u,  o. 

Spines  of  first  legs,  g;g;f;^;|;  of  second  to  sixth,  ^g-JJ;};  of 

seventh    to   ninth,   g;g;^;'|;'|;    of  tenth,   g'gJJJ;    of   eleventh, 

§^5^1;^;  of  the  twelfth, 'g;0 J.  1. 1.  ^f  the  thirteenth,  kl'^fM'^  ^' 

the  penult,  ^;  ^;  f  ^;  ^,  claws  3;  of  the  last,  ^'  Q;  f  Q;  g,  claw  single. 

Claw  of  female  gonopods  proportionately  wide,  triparite,  the  divi- 
sions not  differing  much  in  length,  acute.  Inner  spine  of  each  pair 
markedly  shorter  than  the  outer  (maturus).     Spines  not  acuminate 


Digitized  by 


Google 


74  bulletin:  museum  op  comparative  zoology. 

from  base,  but  somewhat  constricted  near  middle  of  length  and  of 
greatest  width  immediately  below  the  flattened  acuminate  opical 
portion,  which  is  short. 

In  the  type  ( 9 )  the  widths  of  head,  and  first,  third,  eighth,  tenth, 
and  twelfth  dorsal  plates  are  as  50: 46: 48: 56: 57: 56. 

Length  of  type  8  mm.;  width  of  tenth  plate  1  mm.;  length  of 
antennae  2.4  mm. ;  of  anal  legs  about  3  mm. 

Type  Locality. —  Massachusetts  (Blue  Hilbl). 

The  closest  allies  of  this  species  would  seem  to  be  0.  numticolens, 
opicolens,  and  dendrophilus,  from  which  it  is  to  be  separated  by  the 
characters  assigned  in  the  key  and  the  diagnosis.  The  male  is  not 
known. 

Garibius  mississippiensis,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal  legs  1,  0,  2,  0, 0.  Dorsal  spines 
of  penult  legs  1, 0,  2, 1, 0.  Ventral  spines  of  thirteenth  legs  1,  3,  3,  2. 
Dorsal  spines  of  twelfth  legs  1, 0, 2, 1, 1 ;  ventral,  0, 0, 2, 3, 2.  Dorsal 
spines  of  eleventh  legs  1,  0,  2,  1,  2;  ventral,  0,  0,  2,  3,  2.  Dorsal 
spines  of  first  legs,  0, 0, 1, 1, 1 ;  ventral,  0, 0, 0,  2,  L  All  legs  with  the 
third  joint  dorsally  armed,  and  all  excepting  the  first  with  this  joint 
also  ventrally  armed.    Last  two  pairs  of  coxae  laterally  armed. 

Ocelli  about  12,  in  three  series. 

Antennae  as  usual. 

Prostemum  1§  times  wider  than  long.  Distance  between  chitinous 
spots  2.5  times  width  at  median  incbion;  4|  times  the  dental  line. 
Incbion  strictly  v-shaped. 

Body  7.5  times  longer  than  width  of  tenth  plate. 

Length  (type),  6.75  mm. 

Head  cordate;  clearly  wider  than  long. 

First  dorsal  plate  L8+  times  wider  than  long. 

Fifth  article  of  anal  leg  of  male  rabed  into  an  edge  along  dorso- 
mesal  side  with  the  ridge  at  caudal  end  elevated  into  a  crest  bearing  a 
number  of  hairs  of  the  usual  character.    Penult  legs  without  lobes. 

Pale  testaceous  with  the  posterior  plates  orange.  Head  orange  or 
light  ferruginous. 

Description. —  Dorsum  pale  testaceous  with  the  posterior  plates 
orange.  Head  orange  or  light  ferruginous.  Antennae  yellow.  Pro- 
stemum orange  of  paler  shade  than  head.  Venter  pale  with  cau- 
dal plates  more  or  less  orange.  Legs  pale  excepting  the  posterior 
pairs  which  are  bright  orange. 
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Body  more  robust  relatively  than  in  related  species;  7.5  times 
longer  than  width  of  tenth  dorsal  plate.  Widths  of  head  and  of  first, 
third,  eighth,  tenth,  and  twelfth  plates  to  each  other  as  43: 37: 38: 46: 
47:46. 

Head  cordate.  Widest  a  little  back  of  eyes  from  where  the  sides 
gently  converge  caudad;  rather  strongly  narrowed  cephalad.  Wider 
than  long  in  about  ratio  43 :  40.    Hairs  rather  short,  sparse. 

Antennae  short,  reaching  the  sixth  segment  or  nearly  so.  Composed 
of  the  usual  twenty  articles  which  decrease  in  size  dbtad  from  the 
second,  and,  excepting  those  at  the  two  ends,  are  very  short.  Hairs 
short  and  not  very  dense. 

Eyes  composed  mostly  of  about  12  ocelli  which  are  arranged  in 
three  series: —  thus,  1+5,  4,  2;  1+4,  4, 3.  Single  ocellus  small,  not 
larger  than  others.  Seriate  ocelli  not  contiguous,  the  caudal  ones  not 
larger  than  the  anterior;  all  small. 

Prostemum  If  times  wider  than  long.  Distance  between  chitinous 
spots  2.5  times  width  at  level  of  bottom  of  median  incision;  4|  times 
the  dental  line.  Median  incision  strictly  v-shaped,  being  angular  at 
bottom  with  sides  straight  or  but  very  slightly  concave.  Teeth  small 
and  acute;  the  inner  slightly  larger  than  the  outer;  line  of  apices 
weakly  recurved  or  straight.  Spine  inserted  a  little  ectad  of  outer 
tooth  as  usual;  slender,  straight. 

First  dorsal  plate  widest  at  or  near  anterior  end,  the  sides  at  first 
gently  and  then  more  strongly  converging  caudad;  1.8+  times  wider 
than  long.  Caudal  comers  of  ninth,  eleventh,  and  thirteenth  dorsal 
plates  straight  or  a  little  rounded,  none  of  these  either  at  all  produced 
or  excised. 

Coxal  pores  very  small :  2,  3,  3,  2  -  3,  3,  3,  3. 

Spines  of  first  legs,  S'  o  6  2'  i  >  ^^  ^^^  second  to  seventh  inclusive, 
g^ff^;  of  the  eighth,' gf-«'^;  of  the  ninth,  ^^^^;^;  of  the 
tenth,  S'gJJ'J;  of  the  eleventh,  ^;  g  J;  ^  J;  of  the  twelfth,  k%Mi' 
of  the  thirteenth,  J^AA^;  of  the  penult,  ^;  ^;  ^  ^;-Q,  with  three 
daws;  of  the  anal,  0  1'  3  1'  o'  ^'^^  single.  Last  two  pairs  of  coxae 
laterally  armed. 

Anal  legs  of  male  short  and  moderately  inflated;  fifth  article  nar- 
rowed to  an  edge  along  dorso-mesal  line  with  at  caudal  end  of  this 
ridge  a  low,  dorsally  gently  convex,  crest  bearing  a  number  of  hairs  of 
the  usual  character;  longitudinally  sulcate  laterally.  Penult  legs  less 
inflated;  without  lobes. 
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Length  of  type  6.75  mm. ;  width  of  tenth  plate,  .9  mm. ;  length  of 
antenna,  2.25  mm.;  of  anal  leg,  2.5  mm. 
Locality. —  Mississippi  (Brookhaven  I) . 


Garibius  georgiae,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal  legs,  1, 0,  2, 0, 0.  Dorsal  spines 
of  penult  legs,  1, 0, 2, 1, 0.  Ventral  spines  of  thirteenth  legs,  0, 0, 2, 3, 
2.  Dorsal  spines  of  twelfth  legs,  0,  0,  2,  1,  1  -  1,  0,  2,  1,  1;  ventral, 
0,  0,  2,  3,  2.  Dorsal  spines  of  eleventh  legs,  0,  0,  2,  1,  1;  ventral, 
0,  0,  2,  2,  2.  Dorsal  spines  of  first  legs,  0,  0,  1,  1,  1;  ventral,  0,  0,  0, 
2,  1.  Third  joint  of  all  legs  dorsally  armed;  but  about  first  eight  or 
nine  pairs  with  this  joint  unarmed  ventrally.  None  of  the  coxae 
laterally  armed. 

Antennae  as  usual. 

Ocelli  about  9  to  11  in  three  series. 

Presternum  L9  times  wider  than  long.  Distance  between  chitin- 
ous  spots  2.44  times  width  at  median  incision;  3.44  times  the  dental 
line. 

Coxal  pores  2,  3,  3,  2  -  2,  3,  3,  3. 

Claw  of  gonopods  of  the  female  small ;  tripartite;  lobes  acute  with 
the  median  considerably  longest.  Outer  spine  longer  than  the  inner; 
moderately  long  and  slender,  attenuated  from  the  base  distad,  the 
sides  more  strongly  rounding  in  toward  the  apex. 

Anal  leg  of  male  modified  as  usual,  the  fifth  article  bearing  above  a 
low  ridge  elevated  into  a  low  crest  at  caudal  end. 

Length  5.5  to  7.5  mm. 

Body  9  times  as  long  as  width  of  tenth  plate. 

Head  equal  in  length  and  breadth. 

First  dorsal  plate  L84  times  wider  than  long. 

Dorsum  yellow,  with  caudal  plates  verging  to  light  orange.  Head 
light  orange. 

Description. —  Yellow  above,  with  the  caudal  plates  tending 
toward  light  orange.  Head  light  orange.  Antennae  yellow.  Pro- 
sternum  paler  than  head,  being  more  of  a  lemon  yellow.  Venter  very 
pale  excepting  the  caudal  plates  which  are  like  the  presternum.  Legs 
pale,  almost  whitish,  excepting  the  caudal  pairs  which  are  orange 
brown. 

Rather  slender,  being  nine  times  as  long  as  the  width  of  the  tenth 
plate.  Widths  of  head  and  of  first,  third,  eighth,  tenth,  and  twelfth 
plates  to  each  other  as  40:  35:  36:  42: 43:  40. 
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Head  equal  in  length  and  breadth  or  in  the  male  it  may  be  a  little 
longer.  Widest  a  little  eaudad  of  eyes  from  where  the  sides  moder- 
ately converge  eaudad;  rather  strongly  narrowed  cephalad.  Hairs 
short  and  sparse. 

Antennae  short;  moderately  attenuated;  composed  of  twenty 
articles,  most  of  which  are  short  and  very  short,  the  ultimate  relatively 
long.     Haips  of  moderate  length,  not  very  dense. 

Eyes  each  composed  of  from  9  to  1 1  ocelli  arranged  in  three  series :  — 
thus,  1+4,  4,  2;  1+4,  3,  3;  1+4,  3,  1;  1+4,  3,  2.  Single  ocellus  of 
same  size  as  or  a  little  smaller  than  those  of  the  upper  series,  the 
seriate  ocelli  decreasing  in  size  cephalad  and  ventrad.     All  ocelli  pale. 

Prostemum  1.9+  times  wider  than  long.  Distance  between 
chitinous  spots  2.44  times  the  width  at  level  of  bottom  of  median  in- 
cision; 3.44+  times  the  length  of  the  dental  line.  Median  incision 
rather  narrowly  v-shaped,  the  sides  straight.  Teeth  nearly  equal  or 
witt  inner  on  each  side  somewhat  larger  making  the  line  of  apices 
straight  or  nearly  so;  acute,  with  sides  strictly  straight  and  the  inter- 
val between  the  two  of  each  pair  angular,  not  at  all  rounded.  Spine 
fine,  but  slightly  stouter  than  the  hairs;  straight;  inserted  a  little 
ectad  of  base  of  outer  tooth.  Lateral  edges  of  anterior  portion  gently 
convex  cephalad  and  bending  ectad  caudally  as  usual. 

First  dorsal  plate  with  sides  almost  parallel  from  caudal  third 
cephalad;  1.84  times  wider  than  long.  Posterior  corners  of  the 
ninth,  eleventh,  and  thirteenth  plates  rounded  or  rather  obliquely 
excised. 

Coxal  pores  very  small;  2,  3,  3,  2  -  2,  3,  3,  3. 

Spines  of  first  legs,  g;g;^;^;|;  of  the  second  and  third,  g;g;^J;  j; 

of  the  fourth  to  sixth,  g;-g;  ^;  |  \  or   g;g;g;^;  j;  of   the  seventh, 

0.  0.  2.  2.  1  0.  0.  2.  2.  1 .    ^t  ^^  eighth    ^'  ^'  ^'  ^'  ^  q,  O.  O.  2.  2.  2.       e  ^u 

0,  0,  0,  2,  1  "^  0,  0,  0,  2,  2»    "'    ^^^  eigiiin,  q  q  q  ^   ^  or  ^  ^   o,  2,  2'    "'   ^"^ 

ninth,  g^fl^,  or  g^Hrlrl^  ^f  tl^^  t^nth,  ^^^^^h'^  ^^  *^ 
eleventh,  g^^^f^H'  ^^  ^^^  ^^^'^*'  %MM  ^^  0:^2:3:2;  <>'  the 
thirteenth,  ^'  g'J'J;^;  of  the  penult,  q]  i]  %\  l\  ^^  claws  3;  of  the  anal, 
0  1'  1'  1'  o>  ^^  ^^^^  single.    None  of  the  coxae  laterally  armed. 

Anal  legs  of  male  short  and  moderately  inflated;  longitudinally 
sulcate  laterally  but  not  dorsally;  fifth  joint  complanate  above, 
extended  in  a  low,  rather  sharply  edged,  longitudinal  ridge  along  dorso- 
mesal  side  which  ends  at  caudal  end  in  the  usual  crest,  this  being  low 
with  its  free  edge  a  little  convex  and  bearing  a  series  of  hairs  which  are 
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curved  at  distal  ends.  Penult  legs  without  any  special  modifications; 
moderately  and  uniformly  inflated. 

Claw  of  female  gonopods  small;  considerably  curved;  tripartite; 
lobes  acute  with  the  median  considerably  longest.  Outer  of  basal 
spines  larger  than  the  inner;  moderately  long  and  slender,  a  little 
attenuated  from  base  distad,  the  sides  toward  end  more  strongly 
rounding  in  to  the  apex.  Inner  side  of  first  article  straight,  a  little 
diverging  from  its  mate  at  anterior  end. 

Length  of  types  from  5.5  to  7.5  mm.  A  specimen  7.3  mm.  long  has 
tenth  plate  .82  mm.  wide,  antennae  2.4  mm.  long,  and  anal  leg  about 
2.2  mm.  long. 

Locality. —  Georgia  (Atlanta!). 


Garibius  alabamae,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  anal  legs,  1, 0,  2, 0, 0.  Dorsal  spines 
of  penult  legs  1,  0,  2,  1,  L  Ventral  spines  of  thirteenth  legs,  0,  0,  2, 
3,  2.  Dorsal  spmes  of  twelfth  legs,  0,  0,  2,  2,  2;  ventral,  0,  0, 1,  2,  L 
Dorsal  spines  of  eleventh  legs,  0,  0,  0,  2,  2;  ventral,  0,  0,  0,  2,  L 
Dorsal  spines  of  first  legs  0,  0,  0,  1,  1;  ventral,  0,  0,  0,  1,  L  Third 
joint  of  first  eleven  pairs  of  legs  or  thereabouts  unarmed  either  dor- 
sally  or  ventrally.     Last  pair  of  coxae  laterally  armed. 

Antennae  as  usual. 

Ocelli  about  6  in  two  series. 

Prostemum  L53  times  wider  than  long.  Distance  between  chitin- 
ous  spots  2.4+  times  width  at  median  incision;  3.42  times  dental  line. 

Crest  of  anal  legs  of  male  broader  and  more  rounded  than  in  related 
species;  bearing  numerous  hairs  of  the  usual  tjT)e. 

Length  of  type  6  mm. 

Body  7.6+  times  longer  than  the  width  of  the  tenth  plate. 

Head  considerably  longer  than  wide. 

Dorsum  anteriorly  greyish  yellow,  becoming  clearer  yellow  and  light 
orange  caudad.     Head  light  orange. 

Description. —  Above  the  body  is  greyish  yellow,  becoming 
clearer  yellow  and  light  orange  caudad.  Head  light  orange.  Anten- 
nae yellowish.  Presternum  pale  orange  or  yellow.  Venter  dilute 
yellow,  deeper  yellow  caudad.  Legs  very  pale  excepting  the  caudal 
ones  which  are  bright  yellow. 

Length  about  7.6+  times  the  width  of  tenth  dorsal  plate.  Widths 
of  head  and  of  first,  third,  eighth,  tenth,  and  twelfth  dorsal  plates  to 
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each  other  as  31 :  31+ :  31 :  34: 34: 33,  the  body  bemg  thus  not  strongly 
attenuated. 

Head  elongate,  bemg  considerably  longer  than  wide  (34:31). 
Hairs  of  moderate  length,  sparse. 

Antennae  short;  moderately  attenuated.  Articles  mostly  very 
short,  decreasing  distad  as  usual;  the  ultimate  moderately  long. 
Hairs  as  usual  in  the  genus. 

Eyes  composed  of  about  6  ocelli  in  two  series :  —  thus,  1  +3, 2.  Single 
ocellus  about  equal  in  size  to,  or  a  little  smaller  than,  the  first  one  of 
the  upper  series.  Seriate  ocelli  decreasing  cephalad  and  ventrad; 
all  pale. 

Prostemum  1.53  times  wider  than  long.  Distance  between  chitin- 
ous  spots  2.4+  times  width  at  level  of  bottom  of  mesal  incbion; 
3.42  times  as  great  as  the  dental  line.  Teeth  small  and  acute;  inter- 
val between  each  pair  rounded  at  bottom;  inner  tooth  somewhat 
larger  than  the  outer  and  the  line  of  apices  straight.  Mesal  incision 
rather  wide  and  shallow,  sides  concave  but  meeting  at  an  acute  angle 
at  bottom. 

First  dorsal  plate  widest  a  little  back  of  the  anterior  end,  the  sides 
from  there  caudad  at  first  slightly  and  then  rather  strongly  converging. 
Posterior  comers  of  ninth,  eleventh,  and  thirteenth  dorsal  plates  all 
straight  on  caudal  side  or  a  little  rounded. 

Spmes  of  first  legs,  o.Wu6)!i>  ^^  ^^^  second,  o^^Ol^;  of  the 
third  to  eleventh  mclusive,  giggJJ;  of  the  twelfth',  g;g;';;|f;  of 
the  thirteenth,  ^^M^^j^;  of  the  penult,  otrrHrT'  ^'^^^  ^  (^)'  ^' 
the  anal,  q  i^  |^  i '  o>  ^^^^  single.    Last  pair  of  coxae  laterally  armed. 

Gonopods  of  male  well  exposed,  convexly  rounded,  wart-like; 
bearing  a  single  moderately  long  bristle. 

Anal  legs  of  male  short,  considerably  inflated;  fifth  joint  bearing 
at  its  distal  end  a  low  eminence  which  is  relatively  broader  and  more 
rounded  than  in  related  species,  this  lobe  bearing  over  its  surface 
rather  numerous  hairs  of  the  usual  character.  Penult  legs  ako  in- 
flated, but  without  any  special  lobes. 

Length  of  type  5  nmi.;  width  of  tenth  plate  .65  mm.;  length  of 
antenna  1 .6  mm. ;  anal  leg  of  same  length  as  antenna  or  nearly  so. 

LocALTTY. —  Alabama  (Morgan I). 

A  single  male  was  secured. 
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Garibius  branneri    (Bellman). 

Lithobius  branneri  BoUman,  Ann.  N.  Y.  acad.  sci.,  1888,  4,  p.  107. 

Description. —  The  original  description,  rearranged,  is  as  follows: — 

Light  chestnut-brown  or  orange;  head  and  antennae  scarcely 
darker;   feet  orange. 

Slender,  smooth,  very  sparsely  pilose. 

Head  rounded  triangular,  narrowest  before. 

Antennae  short;  joints  20,  short. 

Ocelli  6-8,  arranged  in  four  or  five  rows. 

Prostemal  teeth  4,  small. 

pPosterior  angles  of  none  of  the  dorsal  plates  produced]. 

Coxal  pores  2,  3,  3,  2  -  3,  4,  4,  3,  small  and  round. 

First  pair  of  feet  armed  with  0,  2,  1  spines;  penultimate  with  1,  3, 
1,  1  - 1,  3,  2,  1;  last  with  1,  3,  1,  0. 

In  the  male  the  fifth  joint  of  the  anal  leg  is  produced  into  a  short 
pilose  lobe,  and  is  depressed. 

Claw  of  the  female  genitalia  short,  wide,  bi-  or  tri-partite;  spines 
slender,  subequal,  outer  strongly  toothed. 

Length  of  body  5-10  mm. 

Type  Locality. —  Tennessee  (Knoxville!). 

LocAUTiES. —  Tennessee  (Knoxville!  Beaver  Creek;  Mossy 
Creek). 

Tidabius,  gen.  nov. 

Antennae  short;  composed  of  from  25  to  35  articles,  but  of  mostly 
near  32. 

Eyes  composed  mostly  of  from  9  to  14  ocelli  which  are  arranged 
usually  in  three  series;  single  ocellus  largest. 

Prosternum  from  1.55  to  1.65  times  wider  than  long,  never  less. 
Teeth  2+2;  line  of  apices  somewhat  recurved.  Spine  bristle-like. 
Median  incision  v-shaped,  being  acute  at  bottom,  or  very  rarely 
more  or  less  rounded. 

Body  always  considerably  attenuated  from  the  tenth  plate  cephalad 
with  the  first  plate  always  and  mostly  considerably  narrower  than  the 
third. 

Posterior  angles  of  none  of  the  dorsal  plates  produced;  or,  often, 
with  thirteenth  or  with  eleventh  and  thirteenth  showing  a  very  weak 
production  of  these  angles. 
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Coxal  pores  small  and  circular,  uniseriate. 

Gonopods  of  female  tripartite  with  lobes  short,  the  lateral  ones 
equal  and  with  their  apices  usually  in  nearly  same  transverse  line. 
Basal  spines  2+2  or,  rarely,  3+3 ;  proximal  portion  of  spine  relatively 
broad  with  sides  parallel  or  diverging  to  where  the  acutely  acuminate 
terminal  portion  begins  more  or  less  abruptly  (Plate  4,  fig.  5). 

Posterior  coxae  always  wholly  unarmed.  Anal  legs  with  the  dorsal 
spines  uniformly  0,  0,  2,  0,  0;  ventral  spines,  0,  1,  3,  1,  0  or,  in  some, 
0,  1,  3,  2,  0;  claws  always  2  or  3.  Penult  legs  with  dorsal  spines 
0,  0,  3,  1,  0,  or,  rarely,  0,  0,  3,  1,  1;  ventral  spines,  0,  1,  3,  3,  1,  to 
0,  1,  2,  3,  1;  claws  2  or  3.  Third  joint  of  first  7  to  9  pairs  of  legs 
mostly  unarmed,  rarely  armed.  Tibia  of  none  of  the  legs  with  more 
than  one  ventral  spine.     All  tarsi  biarticulate. 

Posterior  legs  in  both  sexes  short  and  moderately  inflated,  longi- 
tudinally more  or  less  sulcate  dorsally;  in  male  presenting  no  special 
modifications,  or  with  legs  but  little  more  crassate. 

Length  between  5.5  and  10  mm. 

Type. —  T.  tiviiis  Chamberlin. 

Distribution. —  The  known  species  are  distributed  across  the 
continent  through  the  Northern  United  States  from  Washington  and 
Oregon  to  the  Atlantic  and  from  there  into  the  Southeastern  States. 

These  small  and  wide-spread  lithobiids  never  exceed  10  mm.  in 
length.  In  most  of  the  species  the  head  varies  from  yellowish  to 
ferruginous  and  is  distinctly  lighter  than  the  dorsum.  The  venter 
•commonly  is  suffused  anteriorly  with  violaceous.  The  posterior  legs 
are  typically  more  brightly  colored  distad.  These  forms  occur  com- 
monly under  leaves  and  sticks  of  willows  and  other  trees  and  shrubs 
along  streams,  under  bark  of  logs,  among  stones  at  the  water's  edge 
and  in  other  similar  places.  Where  found  they  usually  occur  in 
considerable  numbers.  The  species  to  one  examining  them  at  first 
commonly  seem  very  close  in  general  structure  and  appearance  and 
are  to  be  discriminated  only  upon  careful  study  and  comparison. 
The  following  key  will  aid  in  separating  average  individuals. 

Key  to  species  of  Tidabius, 

a.    Ventral  spines  of  anal  legs  0, 1, 3, 2, 0  or  0, 1, 3, 3, 0. 
6.     Third  article  of  all  legs,  or  of  all  excepting  the  first  two  pairs, 
ventrally  armed.  T.  poaphUus,  sp.  nov. 

66.     Third  article  of  at  least  the  first  five  pairs  of  legs  unarmed 
ventrally. 
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c.    Dorsal  spines  of  penult  legs  0,  0,  3,  1, 1. 

T,  anderia,  sp.  nov. 
cc.    Dorsal  spines  of  penult  legs  0, 0, 3, 1, 0. 

d.    Anal  leg  with  3  distinct  claws;  basal  spines  of  9  gonopods 

3+3.  T.  bonviUensis  Chamberlin. 

dd.    Anal  leg  with  but  2  distinct  claws;    basal  spines  of  9 

gonopods  2+2. 

€.    Body  8  times,  or  but  little  more,  as  long  as  width  of 

tenth  plate.  T,  suittis,  Chamberlin. 

ee.    Body  9  or  more  times  as  long  as  width  of  tenth  plate. 

T.  nasinttis,  sp.  nov. 
(la.    Ventral  spines  of  anal  legs  0, 1, 3, 1, 0. 

6.    Length  of  body  of  adults  less  than  8  mm. ;  mostly  from  7.25  to 
8.25  times  longer  than  width  of  tenth  plate. 

T,  tivius  Chamberlin. 
66.    Length  of  body  of  adults  8  nun.  or  more;  8.5  or  more  times 
longer  than  width  of  tenth  plate. 
c.     Ventral  spines  of  eleventh  legs  0, 0, 1, 3, 1 ;  of  the  thirteenth, 
0,  1,  2,  3,  1  or  0,  0,  2,  3,  1. 

Body  9  to  9.5  times  longer  than  width  10th  plate. 

T.  opiphilus,  sp.  nov. 
cc.    Ventral  spines  of  eleventh  legs  0, 0,  2, 3, 1 ;  of  the  thirteenth, 
0,1,3,3,1. 
d.     Dorsum  brown;   head  brown  of  ferruginous  caste;  body 
about  8.5  times  longer  than  width  of  10th  plate. 

T.  paUidus  alabamensis,  subsp.  nov. 

dd.    Dorsum  yellow;  head  light  orange;  body  about  9  times 

longer  than  width  of  10th  plate.     T.  paUidus,  sp.  nov. 


TiDABIUS  NA8INTU8,   Sp.   nOV. 

Diagnosis. —  Ventral  spines  of  anal  legs  0, 1, 3, 2, 0.  Dorsal  spines 
of  penult  legs,  0, 0, 3, 1,  0.  Third  joint  of  eleventh  to  fourteenth  legs 
with  three  dorsal  spines.  Ventral  spines  of  tenth  and  eleventh  legs 
0, 0, 1 , 2, 1 .    Ventral  spines  of  first  legs,  0, 0, 0, 1 , 1 . 

Articles  of  antennae  (in  type)  30. 

Ocelli  11  in  three  series. 

Dbtance  between  chitinous  spots  of  prostemum  2.58  times  width 
at  median  incision;  3.75-4  times  the  dental  line. 

Head  slightly  wider  than  long. 

Coxal  pores  2,  3,  3,  3. 


Digitized  by  VjOOQIC 


chamberlin:  uthobiid  qenera.  83 

Slender,  about  9.3  times  longer  than  the  width  of  tenth  plate. 

First  dorsal  plate  only  If  times  wider  than  long. 

Outer  of  basal  spines  on  each  side  longer  than  the  inner  with  which 
it  stands  at  an  angle;  spines  broad  at  base  with  sides  slightly  diverg- 
ing to  middle  where  acuminate  portion  begins. 

Dorsum  light  brown,  the  caudal  plates  darker.  Head  darker  brown 
or  dilute  chestnut  with  frontal  region  paler. 

Description. —  Above  light  brown  with  the  caudal  plates  darker. 
Head  darker  brown  or  dilute  chestnut,  the  frontal  region  paler. 
Antennae  brown  proximally,  light  at  tips.  Prostemum  brown; 
prehensorial  feet  yellowish.  Venter  pale  with  the  caudal  plates 
darker,  brownish.  Legs  like  the  corresponding  plates  of  venter,  the 
posterior  pairs  there  being  darker,  brownish,  but  brighter  distad 
as  usual. 

Body  slender,  being  in  the  type  9.3  times  longer  than  the  width  of 
the  tenth  plate.  The  widths  of  head  and  of  the  first,  third,  eighth, 
tenth,  and  twelfth  plates  to  each  other  approximately  as  41: 35: 38: 
43:45:43. 

Head  subcordate.  Slightly  wider  than  long  (ratio  about  41:40). 
Not  much  varying  in  width  between  caudal  edge  of  eyes  and  the 
marginal  breaks. 

Antennae  short.  Composed  of  thirty  articles  which  distad  of  the 
second  or  third  become  very  short  and  closely  arranged.  Hairs  short 
extending  in  part  distoectad  and  in  part  proximoectad  as  usual. 

Eye,  in  the  type,  composed  of  eleven  ocelli  arranged  in  three 
series :  —  thus,  1+4,3,3.  Single  ocellus  largest.  Ocelli  of  upper  series 
larger  and  paler  than  others  which  decrease  in  size  ventrad. 

Prostemimi,  in  type,  1.58—  times  wider  than  long.  Distance 
between  chitinous  spots  2.58  times  width  at  level  of  bottom  of  median 
incision;  3.87  times  the  dental  line.  Median  incision  rather  small, 
V-shaped.  Teeth  small,  acute,  with  sides  nearly  straight;  inner 
tooth  a  little  larger  than  the  outer  but  the  line  of  apices  clearly  re- 
curved. Distance  from  tip  to  tip  of  mesal  teeth  about  equal  to  or  a 
little  less  than  that  from  tip  to  tip  of  the  two  of  each  lateral  pairs. 
Lateral  margin  of  anterior  portion  convex  anteriorly  and  concave 
posteriorly,  where  it  bends  ectad  at  end  as  usual. 

First  dorsal  plate  If  times  wider  than  long;  widest  a  little  back  of 
the  anterior  end  where  the  sides  are  convex,  the  sides  then  moderately 
converging  caudad  to  the  rounded  comers.  Caudal  margin  of  the 
ninth  plate  straight  or  nearly  so;  angles  of  eleventh  and  thirteenth 
very  slightly  produced,  the  process  rounded ;  posterior  comers  of  other 
minor  plates  more  or  less  obliquely  excised. 
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Coxal  pores  circular;  small,  decreasing  in  size  proximad  on  each 
coxa;  2,  3,  3,  3. 

Spines  of  first  legs,  S^^g;-*-}-;  of  the  second,  Vo.o.'l'V'  <>' 
the  third  and  fourth,  g'^ei-H;  ^^  ^^^  ^^^h,  g;g;g'j;i;'  of  the 
seventh  and  eighth,  gl^j^H:  "^  "^^  "'"t^^'  uM¥i  °^  TOtH' 
of  the  tenth,  §^^7^;^;  of  the  eleventh,  g;-^^!;-!;!;  of  the  twelfth, 
g^J^;  of  the  "thirteenth,  g;«J;^;;;  of  the  fourteenth,  g;°;|;^;«; 
of  the  anal,  S'  ?'f'o'»»  with  two  claws.     None  of  the  coxae  at  all 

lit    It   Of   ^t  " 

armed. 

Anal  and  penult  legs  of  the  female  short,  weakly  inflated;  especially 
the  fourth  joint  longitudinally  sulcate  above. 

Claw  of  female  gonopods  short  and  relatively  wide;  tripartite;  the 
lobes  short  but  distinct,  the  median  longer  than  the  lateral  which  are 
equal  in  size  and  at  the  same  level.  Outer  of  the  two  basal  spines  of 
each  pair  with  which  its  wider  surface  stands  at  an  angle  as  usual; 
spines  broad  at  base  with  sides  slightly  diverging  to  the  middle  and 
then  converging  to  a  very  acute  apex,  the  sides  of  the  acuminate  por- 
tion being  somewhat  incurved.  Inner  side  of  first  article  of  gonopods 
slightly  curving  ectad  at  proximal  end  and  then  a  little  diverging  from 
its  fellow. 

Length  of  type  8  mm.;  width  of  tenth  plate,  .86  mm.;  length  of 
antennae,  2.3  mm.;  of  anal  leg,  2.1  mm. 

LocAUTY. —  Mississippi  (Jackson!). 

TiDABius  8UITU8  (Chambcrlin) . 

Lithobius   cantabrigensis    var.   suitus    Chamberlin,   Ann.   Ent.   soc. 
America,  1911,  4,  p.  41. 

Diagnosis. —  Ventral  spines  of  anal  legs,  0,  1,  3,  2,  0.  Dorsal 
spines  of  penult  legs  0,  0,  3,  1,  0  or  0,  0,  2,  1,  0.  Third  joint  of  tenth 
to  fourteenth  legs  inclusive  armed  with  three  dorsal  spines.  Ventral 
spines  of  tenth  and  eleventh  legs,  0,  0,  1,2,  1.  Ventral  spines  of  first 
legs,  0,  0, 0, 1, 1  or  0, 0,  0, 2, 1.     None  of  the  coxae  armed. 

Articles  of  antennae  29-32. 

Ocelli  8-11  in  2  or  3  series. 

Distance  between  chitinous  spots  of  prostemum  2-2.25  times 
width  at  median  incision;  3.75-4  times  as  great  as  the  dental  line. 
Median  incision  rather  large,  widely  rounded  at  bottom. 
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Coxal  pores  2,  3,  3,  2-3,  4,  4,  3. 

Head  subcordate,  wider  than  long. 

Body  moderate;  about  eight  times  longer  than  the  width  of  the 
tenth  plate. 

Median  lobe  of  claw  of  female  gonopods  but  little  longer  than  the 
lateral.  Basal  spines  very  broad  proximally,  sides  parallel  or  slightly 
diverging  to  about  the  middle  where  the  acuminate  portion  begins. 

Dorsum  brown,  with  posterior  segments  darker  and  more  reddbh 
as  are  also  sometimes  the  first  ones.  Head  brown  of  dilute  ferrugin- 
ous tinge,  especially  anteriorly. 

Description. —  Brown  above,  with  the  posterior  segments  con- 
siderably darker  and  more  reddish;  some  of  the  anterior  plates  may 
also  be  darker,  especially  along  the  caudal  borders,  these  also  often 
showing  a  violaceous  tinge.  Head  brown  of  dilute  ferruginous  tinge, 
especially  anteriorly.  Antennae  brown  of  purplish  tinge,  distally 
lighter,  yellow  or  yellowish  of  dilute  ferruginous  tinge.  Prosternum 
brown,  the  prehensorial  feet  lighter.  Venter  very  pale,  the  anterior 
plates  showing  a  distinct  violaceous  or  purplish  tinge  and  the  caudal 
plate  much  deeper  in  color  and  more  or  less  of  reddish  tinge.  Legs 
like  the  corresponding  plates  of  venter;  the  posterior  pairs  darker 
brown  with  the  distal  joints  light. 

Body  moderate,  being  on  an  average  8+  times  longer  than  wide 
Widtlfe  of  head  and  of  first,  third,  eighth,  tenth,  and  twelfth  plates  to 
each  other  as  25.5:  22:  22:  26: 27:  26. 

Head  subcordate;  wider  than  long  in  about  ratio  25.5:  24.  Hairs 
short,  sparse.    Form  and  markings  as  usual. 

Antennae  short,  reaching  the  fifth  segment  composed  of  from  29  to 
32,  mostly  very  short,  articles.  Hairs  moderate,  straight,  in  part 
extending  distoectad  and  in  part  almost  directly  transversely  or 
somewhat  caudoectad. 

Eyes  each  composed  mostly  of  about  8  or  9  to  11  ocelli  in  two  or 
three  series:  —  thus,  1+4,  4;  1+3,  3,  1;  1+4,4,2.  Single  ocellus 
considerably  the  largest.  Seriate  ocelli  decreasing  in  size  cephalad 
and  ventrad. 

Prosternum  1.58  times  wider  than  long.  Distance  between  chi- 
tinous  spots  2  to  2.25  times  greater  than  width  at  level  of  bottom  of 
mesal  incision;  3.75  to  4  times  as  great  as  the  dental  line.  Teeth 
small;  subacute;  the  interval  between  each  pair  concave;  line  of 
apices  clearly  recurved.  Mesal  incision  rather  large,  sides  but  little 
converging  caudad,  the  bottom  being  rather  widely  rounded.  Spine 
slender  and  acuminate;    inserted  a  little  ectad  of  outer  tooth  and 
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extending  somewhat  mesad  of  directly  cephalad.  Lateral  margin 
ectad  of  spine,  convex,  more  caudad  becoming  concave  and  bending 
ectad. 

Coxal  pores  small  and  circular;  2,  3,  3,  2  to  3,  4, 4,  3. 

Spines  of  first  legs,  g;  g;  ^  j;  \  or  g;g;^J;[;  of  the  second  to  fifth 

inclusive,  0.0.0.2,1'  ^'  ^®  ^^^^  *^^  seventh,  g;  q\  l\  \  \]  of  the 
eighth  and  ninth,  g;  g;  ^;  |;  ^;  of  the  tenth  and  eleventh,  g;  g;  ^;  ^;  ^; 
of   the   twelfth,   g;gJJ;^^;   of   the   thirteenth,  g;^;|'J;|;    of   the 

P^^"'^'  o.i'.sj;!  ^^  g;  ?:  l\  O'  ^'^^^  ^  (^^  ^^^  obsolete  third  one); 
of  the  anal,  g' "'  3  2'.  g^  ^l^ws  2  (in  regenerated  legs  may  be  but  1). 

None  of  the  coxae  at  all  armed. 

Anal  legs  of  male  short  and  a  little  inflated;  the  third,  fourth  and 
fifth,  but  most  distinctly  the  fourth,  joints  longitudinally  sulcate  on 
dorsal  side.    Penult  legs  similar  but  a  Kttle  more  slender. 

Claw  of  the  female  gonopods  short  and  relatively  wide;  tripartite; 
the  median  lobe  but  little  longer  than  the  two  lateral,  the  distal 
margin  of  the  latter  almost  at  right  angles  to  the  longitudinal  axis  of 
claw.  Basal  spines  very  broad  at  base  as  usual,  -the  sides  parallel  or 
a  little  diverging  to  about  middle  of  length,  then  converging  to  an 
acute  point.  Inner  side  of  first  article  nearly  straight,  being  a  little 
convex  distally  and  slightly  concave  jM'oximally,  nearly  parallel  to 
that  of  its  opposite  gonopod. 

Length  7--9  mm.  A  female  8  mm.  long  has  the  tenth  plate  .98  mm. 
wide;  antenna  4  mm.  long;  and  the  anal  leg  3.8-4  mm.  long. 

Praematurus. —  Coloration  similar  to  that  of  adult  but  paler 
•throughout;  light  brown  of  a  pale  violaceous  caste,  with  the  four- 
teenth plate  darker  and  the  fifteenth  lighter,  the  latter  being  yellowish 
as  in  the  adult.  Head  light  orange.  Antennae  brown,  light  at  tips. 
Prostemum  yellowish.  Venter  pale,  the  first  plates  more  strongly 
tinged  with  violaceous,  and  the  last  one  more  strongly  pigmented, 
yellowish  or  light  orange.  Legs  pale,  suffused  with  very  dilute 
violaceous,  the  last  pairs  light  yellow  excepting  proximally. 

Antennae  composed  of  twenty-five  articles  of  which  those  beyond 
the  third  or  fourth  are  very  short  and  compactly  arranged  and  those 
near  the  middle  of  length  the  shortest.  Hairs  straight,  of  moderate 
length,  not  dense. 

Eyes  composed  of  seven  or  eight  ocelli  arranged  in  two  series:  — 
thus,  1+4,  3;  1+4,  2.  Ocelli  small  and  pale,  the  single  one  largest 
and  the  most  anterior  ones  smallest. 
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Prostemum  is  in  adult  or  nearly  so. 

G>xal  pores  very  small;  2,  3,  3,  3. 

Spines  of  first  legs,  g^o^o^^ ;  of  the  second,  g^|^|^  to  g^^^^J; 

of  the  third  to  sixth,  o'.o'.o.  I',  i''  °^  the  seventh,  g;  g;  ^;  || ;  of  the 
eiirhth    "•  "•  '•  ''•  ^  or  0- 0.  2.2.2.  of    the  ninth    o.o.a.  ?.  2.    „*  jj,. 

tenth  and  eleventh,  gjgigjj^or  g;g;»;|:^;  of  the  twelfth,  g;g'J;^/, 
or  m44;  o'  the  thirteenth,  g-'»|'^;'|;  of  the  penult,  llf}\; 
of  the  anal,  ^^^^fl^. 

Claw  of  female  gonopods  short  and  relatively  wide,  with  the  three 
divisions  acute  and  the  outermost  somewhat  smallest.  Spines  2+2; 
the  outer  one  of  each  pair  of  nearly  adult  form,  being  broad  or  some- 
what clavate  proximally  and  acuminate  from  near  the  middle  of  length, 
the  apex  very  narrowly  rounded,  the  inner  spine  about  half  the  size 
of  the  outer  one,  acuminate  from  very  base. 

Length  cir.  5.25  mm.  Length  of  antennae  2  mm.;  of  anal  legs,  cir. 
2.2  mm. 

(Haddonfield,  N.  J.,  Oct.  27,  1912). 

Immaturus. —  Still  paler  than  the  prematurua;  of  a  violaceous  tinge 
throughout ;  the  last  dorsal  slate  yellow.  Head  and  prostemum  yellow. 
Anal  and  penult  legs  with  tibiae  and  tarsi  yellow,  the  more  proximal 
joints  having  the  pale  violaceous  tinge  of  the  rest  of  the  legs. 

Antennae  very  short.  Composed  of  nineteen  articles  which  distad 
of  the  third  are  very  short.    Hairs  about  as  in  the  prematurus. 

Eyes  composed  of  about  six  ocelli  arranged  in  two  series:  —  thus, 
1 +3, 2.  The  most  caudal  ocellus  of  the  dorsal  series  largest,  the  single 
one  next,  with  the  anterior  one  and  those  of  the  lower  series  much 
smaller. 

Prostemum  essentially  as  in  older  stages. 

Coxal  pores  very  small  and  pale;  2,  2,  2,  2. 

Spines  of  first  to  third  pairs  of  legs,  q  o  o'  6*  i  *  ^'  ^®  fourth  to 

sixth  pairs,  q  o  o  i'  i'  ^'  *^^  seventh  to  ninth  pairs,  qIo.  o.  i'.  v  ^' 

the  tenth  and  eleventh  pairs,  g;g;g;^;^;  of  the  twelfth,  g;g;^'J;^; 

of  the  thirteenth,  g;g;^,;^;i  or ^^ll^\;  of  the  penult,  g^ffj^; 

oftheanal,g^?^|^. 

Gonopods  of  female  very  short  and  pale;  the  three  articles  present, 
but  the  division  between  the  second  and  third  not  yet  very  distinct. 
Claw  indicated  as  a  mere  spinous  point,  the  article  beneath  it  distally 
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well  rounded  and  bearing  also  a  single  bristle.  Second  article  like- 
wise bearing  a  single  bristle.  Proximal  article  bearing  three  bristles 
in  a  transverse  row.  Spines  1+1,  small  and  pale;  acutely  acuminate 
from  the  very  base. 

Length  cir.  4.2  mm. 

(Haddonfield,  N.  J.,  Oct.  27,  1912). 

Type  Locauty. —  North  Carolina  (Hot  Springs). 

LocAUTiES. —  North  Carolina  (Hot  Springs!);  Alabama  (Birming- 
ham!);  New  Jersey  (Haddonfield I). 


TiDABIUS   POAPHILUS,   Sp.   UOV. 

Diagnosis. —  Ventral  spines  of  anal  legs  0, 1, 3, 2, 0.  Dorsal  spines 
of  penult  legs,  0,  0,  3,  1,  0.  Third  joint  of  tenth  to  fourteenth  legs 
bearing  3  dorsal  spines.  Ventral  spines  of  tenth  and  eleventh  legs, 
0,  0,  2,  3, 1.  Ventral  spines  of  the  first  legs,  0,  0, 1, 1, 1,  or,  occasion- 
ally, 0,  0,  0,  1,  1.    None  of  the  coxae  armed. 

Articles  of  antennae  32. 

Ocelli  9-12  in  three  series. 

Distance  between  chitinous  spots  about  2.25  times  the  width  at 
median  incision;  4  times  the  dental  line. 

Coxal  pores  3,  4,  4,  3. 

Head  wider  than  long. 

Body  moderately  robust,  7.5-7.75  times  longer  than  the  width  of 
the  tenth  plate. 

Claw  of  female  gonopods  as  typical  in  the  genus.  Spines  broad 
proximally,  the  sides  of  this  portion  parallel  or  a  little  diverging; 
acuminate  portion  more  than  half  the  total  length. 

Dorsum  brown  or  greyish  brown,  suffused  with  dark  purplish;  the 
first  and  last  several  plates  darker.  Head  brown  to  orange-brown, 
with  the  frontal  region  lightest. 

Description. —  Above  brown  or  greyish  brown,  commonly  suffused 
with  dark  purple;  the  first  and  the  last  several  plates  darkest.  Head 
brown  or  orange-brown,  the  frontal  region  lightest.  Antennae  light 
brown,  lighter  at  tips,  often  tinged  with  purplish.  Prostemum  and 
prehensors  brown.  Venter  greyish  or  dilute  greyish  brown,  the 
anterior  plates  typically  tinged  with  purple  and  the  caudal  plates 
darker,  brown.  Legs  like  the  corresponding  plates  of  venter,  the  first 
commonly  with  a  purplish  tinge  and  the  caudal  pairs  brownish  proxi- 
mally, brighter,  yellowish,  distally. 
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Body  moderate  or  rather  robust;  the  type  7.65  times  longer  than 
.the  width  of  the  tenth  plate.    Widths  of  head  and  of  first,  third, 
eighth,  tenth,  and  twelfth  plates  to  each  other  as  23: 21: 23:  26: 27: 
26. 

Head  wider  than  long  in  ratio  50:47.5.  Caudal  margin  slightly 
and  widely  excurved.  Sides  between  eyes  and  marginal  interruptions 
very  little  excurved,  subparallel.    Hairs  long,  sparse. 

Antennae  of  the  usual  length.    Composed  of  32  articles  which 
beyond  the  second  are  very  short  and  closely  united,  submoniliform  « 
Hairs  of  moderate  length  and  short;  not  very  dense,  sparser  proximad; 
extending  in  various  directions  as  usual. 

Eyes  each  composed  of  9-1 1  ocelli  arranged  in  three,  or  occasionally, 
in  but  two,  series:  —  e,  g,,  1+4, 3, 3;  1+1, 4, 3;  1+5,  3.  The  lowest 
series  almost  on  ventral  side  of  head.  Single  ocellus  largest.  Of  the 
seriate  ocelli  the  first  or  most  caudal  of  the  uppermost  series  b  largest, 
the  first  of  the  second  series  also  large;  others  decreasing  cephalad 
and  ventrad  as  usual. 

Prostemum  1.64  times  wider  than  long.  Distance  between  chitin- 
ous  spots  2.25  times  width  at  level  of  bottom  of  median  incision;  4 
times  as  great  as  the  length  of  the  dental  line.  Median  incision  mod- 
erately large,  sides  gently  converging  caudad;  rather  widely  rounded 
at  bottom.  Teeth  small,  acute,  equal;  line  of  apices  recurved. 
Tubercle  of  spine  contiguous  with  base  of  outer  tooth  as  usual;  spine 
rather  stout  at  base,  running  to  a  fine  point  with  sides  straight  through- 
out length  or  nearly  so,  extending  directly  cephalad  or  nearly  so,  as 
in  r.  anderis.  Lateral  margins  of  anterior  portions  sloping  directly 
caudoectad  inmiediately  from  base  of  spine;  the  margins  strongly 
incurved  with  caudal  portion  almost  transverse.     (Plate  6,  fig.  3). 

First  dorsal  plate  with  sides  diverging  cephalad  to  about  the  middle 
and  then  parallel  or  nearly  so.  1.8+  times  wider  than  long.  Caudal 
angles  of  thirteenth  plate  a  little  produced  as  usual;  angles  of  eleventh 
rectangular  or  showing  a  slight  tendency  to  production;  other  minor 
plates  with  caudal  margins  bending  a  little  forward  at  ends  about 
the  rounded  comers.  All  plates  finely  but  distinctly  roughened  with 
tubercular  and  rugose  elevations. 

Coxal  pores  small,  circular;  3,  4,  4,  3;  on  each  coxa  decreasing  in 
size  proximad  with  the  most  proximal  often  very  small. 

Spines   of    first    legs,   g;  ^; };  ^;  [  or  g;g;^;^;^,   of    the   second, 

of  the  sixth,  q'  o  i'  I'  V  ^'  ^^  seventh  and  eighth,  p.  b!  il  I'  i'  ^'  ^^ 
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one  side  this  and  on  the  other,  q'  o'  d'  i'  v  ^^  ^^  ninth,  S'  »'  i'  |'  i>  ^^ 
g«AAA2;  of  the  tenth  and  elevmth,  gf^^fff ;  of  the  twelfth, 
%;iii\;  of  the  thirteenth.  H^|;^;  of  the  penult,  g^^^l;^, 
daws  3;  of  the  anal,  p  I'a'a'd*  daws  2.    None  of  the  coxae  at  all 

aimed. 

Posterior  legs  but  little,  unifonnly  inflated.  Third,  fourth,  and 
fifth  artides  longitudinally  furrowed  on  dorsal  side  as  usual.  Not 
differing  in  male  and  female. 

Gonopods  of  the  male  small  and  rounded;  bearing  1  or  2  bristles. 

Claw  of  female  gonopods  short  and  but  slightly  curved;  distinctly 
tripartite  in  the  usual  way;  median  lobe  longest,  obtusdy  rounded, 
less  acuminate  than  in  anderis;  lateral  lobes  with  distal  margins 
nearly  at  right  angles  to  axis  oldaw.  Basal  spines  broad  at  base  as  in 
related  spedes;  the  sides  proximally  parallel  or  a  little  diverging 
distad;  acuminate  portion  long,  more  than  half  the  total  length. 
Mesal  margin  of  first  joint  nearly  straight,  a  little  diverging  from  its 
fellow  cephalad.  Stemite  mesidly  a  little  incurved  as  in  rdated  spe- 
cies and  without  a  distinctly  chitinized  process. 

The  c?  type  is  7.5  mm.  long;  width  of  tenth  dorsal  plate  .98  mm.; 
length  of  antenna  2.5  mm.;  of  anal  leg,  3  mm. 

Type  Locality. —  Nebraska  (Fremont). 

LocAUTiES. —  Nebraska  (Fremont I    Omaha!). 


Tdoabius  anderis,  sp.  nov. 

Diagnosis. —  Ventral  spines  of  anal  legs  0, 1, 3, 2, 0.  Dorsal  spines 
of  penult  legs,  0, 0,  3, 1, 1.  Third  joint  of  twelfth  to  fourteenth  pairs 
of  legs  indusive  with  three  dorsal  spines.  Ventral  spines  of  tenth  and 
eleventh  legs,  0,  0,  1,  2,  1.  Ventral  spines  of  first  legs  0,  0,  0,  1,  1. 
None  of  the  coxae  armed. 

Artides  of  antennae  (in  type)  31. 

Ocelli  8  in  two  series. 

Distance  between  chitinous  spots  4  times  the  dental  line;  2.46 
times  width  at  median  incision. 

Coxal  pores  3,  4,  4,  3. 

Claw  of  femde  gonopods  as  typical  in  the  genus.  Spines  broad  at 
base  as  in  7.  iivius  but  the  acuminate  apical  portion  embracing  con- 
siderably more  than  half  the  total  length. 

Head  longer  than  wide. 
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Body  robust,  being  only  about  7.4  times  longer  than  width  of  tenth 
plate. 

Dorsum  testaceous,  usually  of  dilute  olivaceous  or,  sometimes,  of 
somewhat  purplish  tinge;  first  and  last  plates  darker  as  usual.  Head 
yellowish  orange  to  light  ferruginous. 

Description. —  Above  testaceous,  in  some  of  dilute  olivaceous 
tinge,  in  others  more  or  less  purplish;  the  first  plate  and  the  most 
caudal  ones  often  darker  and  some  of  the  plates  with  their  caudal 
borders  crossed  by  a  transverse  dark  stripe.  Head  yellowish  orange 
to  light  ferruginous  with  a  dark  area  on  caudal  portion  along  margin 
and  extending  forward  along  median  line  part  way  to  the  suture. 
Antennae  brownish  proximally,  becoming  yellow  distad.  Prostemum 
and  prehensorial  feet  yellow  to  brown,  the  prostemum  usually  dusky 
over  a  yellow  background.  Venter  pale,  dilute  testaceous  or  yellow- 
ish, the  caudal  plates  darker  brown.  Legs  like  the  contiguous  plates 
of  venter  excepting  that  the  posterior  pairs  beyond  the  proximal 
portion  are  bright  yellow. 

Body  robust;  in  9  type,  7.4  times  longer  than  width  of  tenth  plate. 
Widths  of  head  and  of  the  first,  third,  eighth,  tenth,  and  twelfth 
plates  to  each  other  as  25: 23: 24: 28: 26.5. 

Head  longer  than  wide  in  ratio  50: 47;  a  little  more  elongate  than 
in  T,  tidus  with  the  anterior  portion  somewhat  narrower;  not  much 
varying  in  width  between  the  marginal  breaks  and  eyes;  caudal 
margin  straight. 

Antennae  short  or  very  short.  Composed  of  31  articles  which  are 
very  short,  especially  distad,  and  are  closely  aggregated.  Bristles 
moderate  in  length,  subdense  on  distal  articles,  becoming  considerably 
sparser  proximad. 

Eyes  in  type  each  composed  of  about  8  ocelli  arranged  in  two 
series: — thus,  1+4,  3.  Ocelli  large  and  distinct;  single  ocellus 
somewhat  obliquely  elliptic. 

Prostemum  1.64  times  wider  than  long.  Dbtance  between  chitin- 
ous  spots  2.46  times  width  at  level  of  bottom  of  median  incision;  4 
times  as  great  as  length  of  the  dental  line.  Teeth  small  and  acute, 
pale;  line  of  apices  recurved.  Tubercle  of  spine  contiguous  with 
base  of  outer  tooth;  spine  manifestly  stouter  than  the  hairs,  acutely 
acuminate  as  usual,  extending  almost  directly  cephalad  and  thus  not 
parallel  with  outer  edge  of  tooth  as  is  more  typically  the  case  in 
Htius.  Median  incision  rather  narrow,  the  sides  nearly  parallel,  but 
little  converging  caudad  excepting  toward  bottom,  the  latter  some- 
what rounded. 
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First  plate  moderately  narrowed  caudad  as  usual,  1.9  times  wider 
than  long.  Minor  plates  as  in  tivitis  or  nearly  so;  in  the  anterior 
ones  the  caudal  margin  moderately  bending  forward  to  comers  at 
ends;  in  the  eleventh  the  posterior  comers  are  nearly  rectangular; 
in  the  thirteenth  they  are  a  little  extended  caudad.  Plates  all  dis- 
tinctly finely  roughened. 

Coxal  pores  small,  circular,  the  most  proximal  one  on  some  coxae 
minute;  3,4,4,3. 

Spmes  of  first  legs,  q'q'q  j'  {;  of  the  second  to  sixth  inclusive, 
g;g'Q'^'|;  of  the  seventh  to  ninth  mclusive,g- gg'^' ^;  of  the  tenth 
aiid  eleventh,  g;g;^J;^;  of  the  twelfth  and  thirteenth,  g^Stf^' 
of  the  penult,  g;;j';^;[;  of  the  anal,  g;^;|'^;g,  claws 2.    No  spijiies 

detected  on  any  coxae. 

Anal  and  penult  legs  in  both  sexes  short;  a  little  thickened. 

Claw  of  female  gonopods  short;  but  little  curved;  median  lobe 
longest,  distally  more  or  less  narrowly  rounded;  lateral  teeth  with 
their  distal  edges  in  line  and  at  right  angles  to  the  axis  of  the  claw  or 
nearly  so.  Spines  broad  at  base  as  in  tivius,  but  the  acuminate  por- 
tion longer,  embracing  considerably  more  than  half  the  total  length, 
apically  acutely  rounded  with  edge  often  showing  a  few  minute 
denticulations.  Vental  edge  of  mesal  side  of  first  joint  well  chitinized; 
nearly  straight  excepting  proximally  where  it  bends  a  little  ectad. 

The  female  type  is  7.4  mm.  long;  width  of  tenth  plate  1  mm.; 
length  of  antenna  2.25  mm. 

Locality. —  Washington  (Pullman  I    W.  M.  Mann,  1908). 


TiDABIUS   PALLIDUS,   Sp.   UOV. 

Diagnosis. —  Ventral  spines  of  anal  legs  0, 1, 3, 1, 0.  Dorsal  spines 
of  penult  legs  0,  0,  3,  1,  0.  Third  joint  of  tenth  to  fourteenth  legs 
with  three  dorsal  spines.  Ventral  spines  of  tenth  and  eleventh  legs, 
0,  0,  2,  3,  1.  Ventral  spines  of  first  legs,  0,  0,  0,  1,  1.  None  of  the 
coxae  armed. 

Articles  of  antennae,  in  type,  27. 

Ocelli  9  or  10  in  three  series. 

Distance  between  chitinous  spots  of  prosteraum  3.5  times  the  dental 
line;  only  2.1  times  width  at  median  incision. 

Head  cordate,  very  little  wider  than  long. 
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Coxal  pores  3,  4,  4,  3. 

Body  moderately  slender,  about  nine  times  longer  than  the  width 
of  the  tenth  plate. 

Spines  of  9  gonopods  large  and  broad,  the  sides  parallel  to  near 
middle  from  where  the  acutely  acuminate  portion  begins. 

Dorsum  yellow.    Head  light  orange. 

Description. —  Yellow  above  with  the  caudal  plates  light  orange. 
Head  light  orange.  Antennae  pale.  Prostemum  yellow  of  pale 
orange  tinge.  Venter  very  pale  with  caudal  plates  orange.  Legs 
pale,  the  posterior  pairs  more  densely  pigmented,  brighter  in  color. 

Body  slender,  being  9  times  longer  than  the  width  of  the  tenth 
plate.  Widths  of  head  and  of  first,  third,  eighth,  tenth,  and  twelfth 
plates  to  each  other  as  45: 40: 43: 51: 52: 48. 

Head  cordate;  slightly  wider  than  long  (ratio  about  45.5:  44). 
Hair  short,  sparse. 

Antennae  short  and  moderately  attenuated  as  usual.  In  type 
composed  of  27  articles  which  beyond  the  second  are  very  short, 
shorter  ones  occurring  in  pairs  at  intervals  among  somewhat  longer 
ones.    Hairs  as  usual. 

Eyes  in  type  each  composed  of  9  or  10  ocelli  arranged  in  three 
series: — thus,  1+4,  3,  1;  1+4,  3,  2.  Single  ocellus  largest;  first 
ocellus  of  top  row  also  large  and  the  others  of  this  series  also  larger 
than  the  lower  ones  which  decrease  in  size  ventrad. 

Prostemum  1.58  times  wider  than  long.  Distance  between  chi- 
tinous  spots  2.1  times  the  width  at  level  of  bottom  of  median  incision; 
3.5  times  the  dental  line.  Median  incision  wide;  sides  dbtally  concave, 
meeting  at  bottom  in  a  wide  angle;  distance  from  tip  to  tip  of  mesal 
teeth  clearly  greater  than  between  tips  of  teeth  of  each  pair.  Teeth 
small  and  acute;  line  of  apices  slightly  recurved.  Anterior  lateral 
margin  at  first  strictly  transverse  ectad  of  each  outer  tooth  for 
a  short  distance,  this  portion  bearing  the  spine,  the  caudally  sloping 
portion  at  first  conspicuously  convex,  becoming  caudally  concave  and 
at  caudal  end  bending  directly  ectad.  Spine  conspicuously  stout  at 
base,  slender  and  fine  pointed  distally. 

First  dorsal  plate  1.78  times  wider  than  long,  shaped  as  in  T,  naain- 
ius.  Caudal  comers  of  thirteenth  plate  a  little  produced  as  usual; 
those  of  the  eleventh  caudally  straight  or  somewhat  excised;  those  of 
the  ninth  mostly  a  little  excised  or  with  caudal  edge  bent  forward. 

Coxal  pores  of  the  usual  size  and  form;  3,  4,  4,  3. 

Spines  of  first  legs,  ^  q'  q'  I'j  >  ^'  ^®  second  to  seventh  inclusive, 
g;g;gj;};  of  the  ninth, 'g;g'JJ; ;;  of    the  tenth   and   eleventh. 
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S^^^l;^;  of  the  twelfth,  g^Hri^T'  ^t  the  thirteenth,    §^^^1^^^}; 
of  the  penult,  g;QJ'J;;,  claws  2;  of  the  anal,  g;QJ;Q;g,  claws  2. 

None  of  the  coxae  armed. 

Posterior  legs  as  usual. 

Claw  of  female  gonopods  relatively  short  and  wide  as  usual;  lobes 
short  but  distinct,  the  median  longest,  the  two  lateral  subequal  and 
at  same  level  with  their  caudal  edges  almost  transverse.  Spines 
large,  broad,  with  sides  from  base  to  about  middle  parallel,  spines 
distad  from  middle  acutely  acuminate.  Inner  side  of  first  article 
diverging  moderately  from  its  fellow  proximally. 

The  female  type  is  8.7  mm.  long;  width  of  tenth  plate  .97  mm.; 
length  of  antenna  3  mm. ;  of  anal  leg,  2.7  mm. 

LocAUTY. —  Mississippi  (Jackson!). 


TlDABIUS  PALLIDUS  ALABAMENSIS,   SUbsp.  nOV. 

Diagnosis. —  Light  brown,  with  the  first  and  last  plates  darker. 
Head  brown  of  dilute  ferruginous  tinge. 

Somewhat  more  robust  than  type  of  T.  pallidus,  being  but  8.5 
times  longer  than  width  of  the  tenth  plate. 

Spining  of  legs  as  in  pallidus  or  essentially  so. 

Coxal  pores  3,  4,  4,  4. 

Head  as  in  pallidus. 

Gonopods  and  spines  nearly  as  in  pallidus. 

Distance  between  chitinous  spots  3.1  times  the  dental  line. 

Description. —  Dorsum  light  brown,  the  first  two  or  three  plates 
and,  more  especially,  those  of  the  caudal  third  distinctly  darker. 
Head  brown  of  pale  ferruginous  tinge.  Antennae  brown  proximally, 
pale  distally.  Prostemum  and  prehensorial  feet  brown.  Venter 
pale,  the  anterior  plates  suffused  with  violaceous,  the  posterior  plates 
darker,  brownish.  Legs  like  adjoining  plates  of  venter;  the  posterior 
pairs  brown  proximally  and  bright  yellow  or  yellow  of  dilute  orange 
tinge  distally. 

Body  8.5  times  longer  than  width  of  the  tenth  plate.  Widths  of 
head  and  of  the  first,  third,  eighth,  tenth,  and  twelfth  plates  to  each 
other  as  42:40:42:47:50:48. 

Head  a  little  wider  than  long  (near  42:41);  widest  immediately 
back  of  eyes,  with  the  sides  conspicuously  converging  from  the  breaks 
caudad. 
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Antennae  in  type  broken  off  at  tips  so  precise  number  of  articles 
is  not  determinable. 

Eyes  each  composed  of  12  ocelli  in  three  series: — thus,  1+4,  4,  3; 
ocelli  of  the  usual  relative  sizes  and  arrangement. 

Prostemum  1.55+  times  wider  than  long.  Distance  between 
chitinous  spots  about  2  times  width  at  level  of  bottom  of  median  in- 
cision; 3.1  times  the  dental  line.  Median  incision  wide,  well  rounded 
at  bottom;  distance  from  tip  to  tip  of  mesal  teeth  clearly  greater  than 
distance  between  tips  of  tenth  of  each  pair.  Teeth  small  and  acute; 
line  of  apices  almost  straight,  being  only  very  slightly  recurved. 
Sides  of  anterior  portion  convex  anteriorly  and  bending  ectad  caudally 
as  usual.    Spine  of  usual  form. 

First  dorsal  plate  of  the  usual  shape,  slightly  shorter  relatively  than 
in  type  of  paUidus.  Thirteenth  plate  with  posterior  angles  weakly 
produced;  other  minor  plates  with  caudal  comers  more  or  less  ob- 
liquely excised. 

Coxal  pores  of  usual  size  and  shape;  3, 4, 4, 4. 

Spines  of  first  legs,  g;g;g;|;};  of  the  second  to  fifth,  Q;^;gJ;^^; 

of  the  sixth  to  eighth,  g;g;g;|';;  of  the  ninth,  g^g^jf;  of  the 
^^^^»  S:giJ:?  or  giSifJ:;;  of  the  eleventh,  ^^^^^i  of  the 
twelfth,  g!g;U;  j;  of  the  thirteenth,  g;^;^;^^  of  the  penult, 
g;;j;;;^,  claws  2;  of  the  anal,  g;Q'J;Q;g,'  claws  2,  long.    None  of 

the  coxae  armed. 

Claw  of  female  gonopods  short  and  relatively  wide;  lobes  short, 
with  the  median  only  a  little  longest,  the  two  lateral  equal  and  at  the 
same  level.  Spines  broad  proximally,  the  sides  diverging  from  base 
to  a  little  below  middle,  the  spine  then  acutely  long  acuminate. 
Inner  side  of  first  article  subparallel  with  that  of  its  mate  excepting 
proximally,  where  it  moderately  diverges  from  it. 

Length  of  female  type  8  mm. ;  width  of  tenth  plate  .94—  mm. 

Locality. —  Alabama  (Selmal). 

While  manifestly  very  close  to  paUidiLS,  the  type  of  alabamensis  b 
strikingly  different  in  color,  being  much  more  in  appearance  like 
nasintua.  Otherwise  it  differs  a  little  abo  in  robustness,  being  a  little 
stouter.  The  prostema  are  very  similar.  As  only  the  type  of  each 
form  has  been  examined,  the  precise  relationship  of  the  two  cannot  at 
present  be  definitely  determined ;  but  it  seems  best  to  keep  them  apart 
tentatively  and  to  range  one  as  subspecies  to  the  other. 
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TiDABius  Trvius  (Chamberlin). 

LUhohivs  tivivs  Chamberlin,  Ann.  Ent.  soc.  America,  1909,  2,  p.  188. 

Diagnosis. —  Ventral  spines  of  anal  legs  0, 1, 3, 1, 0.  Dorsal  spines 
of  penult  legs,  0,  0,  3,  1,  0.  Third  joint  of  tenth  to  fourteenth  legs 
armed  dorsally  with  three  spines.  Ventral  spines  of  eleventh  legs, 
0, 0, 2, 2, 1 ;  ventral  spines  of  first  legs,  0, 0, 0, 0, 1.  None  of  the  coxae 
armed. 

Articles  of  antennae  25  to  31. 

Ocelli  mostly  9  to  12  in  three  series. 

Distance  between  chitinous  spots  3.8  to  4.25  times  the  dental  line; 
2.3  times  width  at  median  incision. 

Head  ^qual  in  length  and  breadth  or  very  nearly  so. 

Body  robust,  from  7.25  to  8.25,  or  thereabouts,  times  longer  than 
the  width  of  the  tenth  plate. 

Coxal  pores  2,  3, 4,  3-3,  4, 4,  3. 

Claw  of  gonopods  as  usual.  Spines  broad  with  sides  diverging  to 
about  the  middle  where  the  acuminate  distal  portion  begins.  (Plate 
4,  fig.  5). 

Dorsimi  pale  brown  or  of  pearl-grey  caste,  with  the  caudal  plates 
more  or  less  of  a  ferruginous  tinge.     Head  light  ferruginous. 

Description. —  Above  pale  brown  faintly  suffused  with  violaceous 
or  sometimes  of  pearl -grey  caste;  the  caudal  plates  somewhat  ferru- 
ginous. Head  light  ferruginous,  commonly  darkened  over  median 
region  of  caudal  portion.  Antennae  brown  to  somewhat  ferruginous 
proximally,  lighter  distad.  Prostemum  paler  than  head,  the  prehen- 
sorial  feet  lighter.  Venter  very  pale,  suffused  with  violaceous;  the 
caudal  plates  darker,  more  or  less  of  ferruginous  tinge.  Legs  also 
pale,  the  caudal  pairs  darker,  brown,  proximally,  and  brighter,  yel- 
lowish, distad. 

Body  robust,  being  about  7.25  to  8.25  times  longer  than  the  width 
of  the  tenth  plate.  Widths  of  head  and  of  first,  third,  eighth,  tenth, 
and  twelfth  plates  to  each  other  as  40: 34: 37: 40: 43: 42. 

Head  subcordate;  equal  in  length  and  breadth  or  very  nearly  so. 
Hairs  moderately  long  with  shorter  ones  intermixed,  sparse. 

Antennae  short  and  moderately  attenuated.  Composed  of  25  to  31 
articles  which  distad  of  the  second  are  very  short.  Bristles  almost 
transverse  not  especially  dense.    (Plate  6,  fig.  6). 

Eyes  each  consbting  of  10  or  1 1  ocelli  in  the  types :  —  e.  flf.,  1 +4, 4, 2 ; 
l+4>  3, 2.  Single  ocellus  largest;  others  regular  in  form  and  arrange- 
ment.   (Plate  6,  fig  7). 
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Prostemum  1.58  times  wider  than  long.  Dbtance  between  chitin- 
ous  spots  2.3  times  width  at  level  of  bottom  of  median  incision;  3.8  to 
4.25  times  the  dental  line.  Median  incision  v-shaped,  with  sides  rather 
strongly  converging.  Teeth  small  and  acute;  interval  between  the 
two  on  each  side  semicircular;  line  of  apices  clearly  recurved.  An- 
terior lateral  margins  rather  strongly  convex  anteriorly,  concave 
caudally.     (Plate  6,  fig.  2-3). 

First  dorsal  plate  1.8  times  wider  than  long;  widest  a  little  behind 
the  anterior  end  where  the  sides  are  convex;  sides  then  nearly  straight 
and  moderately  converging  to  the  rounded  caudal  comers.  Posterior 
angles  of  the  elventh  and  thirteenth  plates  a  little  extended  caudad, 
rounded,  those  of  ninth  straight  or  obliquely  excised. 

Coxal  pores  small  and  circular  as  usual;  2,  3,  4,  3  -  3, 4,  4,  3. 

Spines  of  first  legs,g^^^l^org^-g^   of  the  second,  g^^^l^J 

or§^H^;  of  the  third  to  fifth,  g^g^A|a;  of  the  sixth,  g^^;^^ 
or  g;g;gj;^;  of  the  seventh  to  ninth,  g;g;g;|;f;  of  the  tenth, 
g;-gi^;'of  the  eleventh,  g^HtH  ^'  H^^  ^t  the  twelfth, 
Vo:ll:l'  ^f ^^  thirteenth,  %:^^,  to  g;?J:^:};  of  the  penult, 
g;  ^;  I'  \  ^;  of  the  anal,  g;  g;  l  ^;  g,  claws  2.    None  of  the  coxae  armed. 

Anal  and  penult  legs  ( 9 )  short;  uniformly  a  little  inflated.  (Plate 
5,  fig.  4-5). 

Claw  of  gonopods  of  female  moderate;  relatively  wide;  but  weakly 
curved;  the  median  lobe  longest  and  the  lateral  ones  equal  and  at  the 
same  level  as  usual.  Basal  spines  broad  proximally;  sides  diverging 
a  little  from  base  to  about  middle  where  the  acutely  acuminate  distal 
portion  begins,  the  sides  of  the  latter  straight.  Mesal  side  of  first 
article  moderately  diverging  in  proximal  half  from  its  fellow.  (Plate 
4,  fig.  5). 

Length  5.5-7  mm.  A  specimen  5.8  mm.  in  length  has  tenth  plate 
.8+  nmi.  wide;  and  antenna  2  mm.  long. 

Pseitdomaturus, —  Freshly  matured  individuals  seem  to  agree  in 
nearly  all  features  with  the  older  ones;  but  the  sixth  legs  more  fre- 
quently bear  but  a  single  dorsal  tibial  spine  instead  of  two  and  the 
eleventh  legs  more  frequently  bear  a  single  ventral  spine  on  the  pre- 
femur  instead  of  two.  Thus  the  spining,  as  might  be  expected,  more 
frequently  remains  in  the  condition  prevalent  in  the  praemaiurus 
stage. 

Praemaiurus. —  Dilute  brown,  suffused  more  or  less  with  violaceous, 
this  being  evident  more  especially  on  the  anterior  and  posterior  seg- 
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ments  both  above  and  below.  Head  light  ferruginous.  Posterior 
legs  as  usual  more  pigmented  than  the  others. 

Antennae  composed  of  twenty-six  or  twenty-seven  articles  of 
nearly  adult  proportions. 

Ocelli  six,  in  two  series:  —  thus,  1+3, 2.  The  single  ocellus  and  the 
first  of  the  upper  row  of  the  same  size  or  nearly  so  and  much  larger 
than  the  others,  the  most  anterior  smallest. 

Prostemum  as  in  the  adult. 

Coxal  pores  small  and  pale;  2,  3,  3,  2. 

Spmes  of  the  first  legs,  g;  g;  g;  ^; } ;  of  the  second  pair,  g;  g;  g;  |;  |  or 

g^^^^^;  of  the  third  to  sixth,  g^g^g;A|;  of  the  seventh!  ^^H^T' 
of  the  eighth  and  ninth,  g'  o  oil'  ^'  *^^  tenth  and  eleventh, 
Vo:U:v  °'  the  twelfth.  iMirv  o'  ^^  thirteenth.  °;g;|J;|; 

of  the  penult,  g^^^ti^  <>'  ^^  ^''^'  roTTT^- 

Claw  of  the  female  gonopods  small  and  pale,  the  three  lobes  distinct 
but  appearing  more  slender  and  acute  than  in  the  adult.  Proximal 
article  with  about  six  bristles  on  its  ventral  surface.  Spines  2+2; 
the  inner  one  of  each  pair  shorter  and  much  more  slender  than  the 
outer  and  acutely  acuminate  from  the  very  base;  in  the  outer  spine 
also  the  demarcation  between  basal  and  acuminate  portions  less 
distinct  than  in  the  adult. 

(Canton,  Miss.). 

Agenitalis  I, —  Very  dilute  yellowish,  with  the  head  as  usual  more 
densely  pigmented.  Antennae  and  legs  pale;  the  last  pairs  of  legs 
with  more  pigment,  very  pale  yellowish. 

Antennae  composed  of  from  twenty  to  twenty-three  articles.  Sub- 
moniliform.  The  last  article  conspicuously  long.  Hairs  straight; 
of  moderate  length;  not  dense. 

Ocelli  four  in  one  or  two  series: — thus,  1+3,  or  1+2,  1.  Small 
and  pale. 

Teeth  of  prostemum  pale,  their  form  and  relations,  as  those  of  the 
ectal  spines,  as  in  the  adult  or  nearly  so. 

Coxal  pores  small  and  weak  edged;  1, 1, 1,  1  or  1,  2,  2, 1,  the  more 
proximal  one  when  two  are  present  on  a  coxa  being  considerably 
smallest. 

Anal  glands  still  evident  but  not  very  distinct. 

Spines  of  first  and  second  pairs  of  legs,  g'g'g' g'  \;  of  the  third  to 

ninth,  g;g;g;};[;    of   the  tenth  to   thirteenth]   g;g;g;;;;    of  the 

nenult  0.  0.  0.  0.  0 .  of  the  anal  0'  0.  0.  0.  0 
penuii,  Q  Q  1, 1, 1 »  "' "*^  *"**»  oTonnTo* 
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(Sterling,  111.,  July). 

Type  Locality. —  Utah  (Provol). 

Localities. —  Utah  (Provol  Salt  Lake  City  I);  Colorado  (Colo- 
rado Springs!  Ft.  Collins  I);  lUinob  (Sterling  I  Dwightl  Peoria  I); 
Kentucky  (Lexington!);  Tennessee  (Johnson  City!);  Virginia  (va- 
riety, Lynchburg!  Balcony  Falls!);  New  Jersey  (Haddonfield !) ; 
Pennsylvania  (Philadelphia!  Ardmore!);  Wisconsin  (Janesville!); 
Massachusetts  (Hough's  Neck!);  Alabama  (Birmingham!);  Missis- 
sippi (Brookhaven!    Canton!). 


TiDABius  OPiPHiLus,  sp.  nov. 

Diagnosis. —  Ventral  spines  of  anal  legs  0, 1, 3, 1, 0.  Dorsal  spines 
of  penult  legs  0,  0,  3,  1,  0.  Third  joint  of  tenth  to  fourteenth  pairs 
of  legs  with  three  dorsal  spines.  Ventral  spines  of  eleventh  legs, 
0,  0, 1,  3, 1.    Ventral  spines  of  first  legs,  0, 0,  0, 1, 1. 

Articles  of  antennae  27  to  32. 

Ocelli  9  to  12  in  three  or,  rarely,  in  four  longitudinal  series. 

Head  subcordate;  wider  than  long. 

Distance  between  chitinous  spots  3.7  times  as  great  as  the  dental 
line;  2.3  times  the  width  at  median  incision. 

Body  9  to  9.5  times  longer  than  the  width  of  the  tenth  plate. 

Claw  of  the  female  gonopods  much  as  usual.  Basal  spines  broad 
proximally  with  sides  subparallel ;  acuminate  portion  about  two  thirds 
the  total  length.     (Hate  6,  fig.  9). 

Brown;  first  and  last  plates  darker.  Head  dark  brown  of  a  dilute 
ferruginous  tinge. 

Description. —  Dorsum  brown;  first  and  caudal  plates  darker; 
the  median  region  pale.  Head  darker,  brown  of  a  dilute  ferruginous 
tinge,  lightest  in  front  of  suture.  Antennae  brown  proximally, 
lighter,  yellowish  or  pale  ferruginous,  distally.  Prostemum  brown, 
the  prehensorial  feet  paler.  Venter  very  pale,  tinged  with  violaceous 
anteriorly  and  the  caudal  plates  darker,  burnt  brown.  Legs  pale 
like  the  venter;  the  caudal  pairs  darker,  brown,  commonly  brighter 
distally. 

Slender,  moderately  attenuated  cephalad;  9  to  9.5  times  longer 
than  width  of  the  tenth  plate.  Widths  of  head  and  of  first,  third, 
eighth,  tenth,  and  twelfth  plates  to  each  other  as  48 :  44 :  45 :  51 :  52 :  49. 

Head  subcordate,  being  considerably  narrowed  cephalad;  wider 
than  long  in  about  ratio  49: 47.    Hairs  of  moderate  length,  sparse. 
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Antennae  short.  Composed  of  from  27  to  32  articles  which  are 
short  and  very  short.    Hairs  rather  short,  subdense. 

Eyes  each  composed  of  from  9  to  12  ocelli  in  three  or  four  series:  — 
e.i7.,  1+4,  3,  2;  1+4,  3,  3;  1+4,  3,  3,  1. 

Prostemum  1.56  times  wider  than  long.  Distance  between  chi- 
tinous  spots  2.31  times  width  at  level  of  bottom  of  median  incision; 
3.7  times  the  dental  line.  Median  incision  v-shaped;  sides  subparallel 
distad,  concave  and  converging  caudad.  Teeth  small  and  acute, 
the  interval  between  the  two  of  each  pair  well  rounded  at  bottom,  not 
at  all  angular.  Spine  a  little  ectad  of  tooth,  straight  and  slender; 
extending  directly  cephalad.  Anterior  lateral  margins  convex  distad 
then  becoming  concave  and  bending  out  almost  directly  ectad  caudally. 

First  dorsal  plate  widest  a  little  back  of  anterior  end  where  the  sides 
are  rounded,  becoming  there  nearly  straight  and  gently  converging 
to  the  rounded  caudal  comers;  1.9  times  wider  than  long.  Poste- 
rior angles  of  eleventh  and  thirteenth  plates  very  weakly  produced 
caudad;  those  of  the  ninth  straight  to  more  or  less  obliquely  excised. 

Coxal  pores  3,  4,  4,  3-3,  3,  3,  3 ;  often  decreasing  markedly  in  size 
proximal  on  each  coxa,  the  most  proximal  then  being  minute. 

Spines  of  first  legs,  %qq\'\;  of  the  second  to  fifth,  g;g;g;^;}; 
of   the   sixth    0,_o,_2,_2^.  ^t    ^^  seventh    ^^-^2-2^       '  Q^,jf,_2^. 

of  the  eighth  0iA3iA2.  of  the  ninth  ^'  ^'  ^'  ^*  ^  or  ^.OAA^ 
oi    uie     cigiiui,    0,  0.  0,  2,  1 '    "       ^^^   niuui,    ^  ^  ^  ^   ^    or,    q,  0,  1,  2,  1 

(noted  on  one  side  only,  the  other  leg  having  the  first  formula) ;  of 
the  tenth,  g;g;^J;^;  of  the  eleventh,  g;  g;  ^  l  ^;  of  the  twelfth, 
Vo:lk\'  ^^  ^"^  thirteenth,  g;^|^  or,'  g^ff^;  of  the  penult, 
^;^^J;-5,  claws  2;   of  the  anal,  g^-|'^,  claws  2.    None  of  the 

coxae  armed. 

Anal  legs  short;  uniformly  but  only  a  little  thickened;  longitudi- 
nally sulcate  above,  especially  the  fifth  article.  Penult  legs  similar, 
but  a  little  more  slender. 

Claw  of  female  gonopods  very  short;  bent;  median  lobe  longest 
and  the  lateral  subequal  as  usual.  Sides  rather  broad  with  sides  of 
proximal  division  subparallel;  acuminate  portion  rather  long,  being 
mostly  about  two  thirds  of  the  total  length,  the  apex  acute  or  narrowly 
acutely  rounded.  (Plate  6,  fig.  9).  Mesal  side  of  first  article  more 
or  less  convex,  diverging  from  its  fellow  proximately. 

Length  from  8  to  10  mm.  A  female  9  nmi.  long  has  tenth  plate 
1  mm.  wide;  antenna  2.8-3  mm.  long;  anal  leg  3  mm.  long. 

LocAUTY. —  Wisconsin  (Beloit!). 
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TiDABius  BONViLLENSis  (Chamberlin). 

lAihobiua  bonvillensis  Chamberlin^  Ann.  Ent.  soe.  America,  1909,  2, 

p.  189. 

Description. —  The  original  description  of  the  types  is  as  follows :  — 

Dorsum  from  light  to  blackish  brown,  the  posterior  border  of  most 
of  the  major  plates  usually  lighter;  head  paler,  brown  or  light  brown, 
sometimes  with  a  darker  median  area  caudad  of  the  frontal  suture; 
antennae  brown  to  blackish,  yellowish  or  rufous  distally;  praestemum 
and  feet  concolorous  with  head;  venter  light  brown  to  yellowish,  the 
first  and  the  last  plates  darkest;  legs  yellowish,  the  last  few  pairs 
conunonly  darker. 

Head  a  little  wider  than  long  (3: 2.9). 

Antennae  short;  the  first  two  articles  long,  others  short,  closely 
crowded;   articles  29  in  number. 

Eyes  each  composed  of  8-9  ocelli  arranged  in  two  series  (1+4,  3; 
1+5,  3);  ocelli  of  moderate  size. 

Prostemal  teeth  small,  slightly  darkened. 

Angles  of  none  of  the  dorsal  plates  produced. 

Coxal  pores  small,  round,  the  dbtal  ones  of  each  series  largest  as 
usual;  3,  4,  4,  4. 

Ventral  spines  of  anal  legs  0, 1,  3,  2,  0,  claws  3.  Ventral  spines  of 
penult  legs,  0, 1, 3, 3, 1,  claws  3.  Ventral  spines  of  first  legs  0, 0, 0, 0, 1. 
None  of  the  coxae  at  all  armed. 

Gonopods  of  female  with  the  claw  tripartite  as  usual,  the  lobes 
short  and  rather  blunt.  Basal  spines  3+3;  decreasing  in  size  from 
the  most  ectal  to  the  most  mesal  on  each  side;  each  spine  acuminate 
distad  of  middle  as  usual. 

LocALFiT. —  Utah  (Lake  PointI). 

This  species  was  found  in  May  under  stones  along  the  foot-hilb. 


SiGiBius,  gen.  nov. 

Dorsal  spines  of  anal  legs  0, 0, 1, 0, 0;  ventral,  0, 1, 1, 1, 0;  claws  2. 
Dorsal  spines  of  penult  legs,  0, 0, 1, 0, 0;  ventral,  0, 1, 1, 1, 0,  claws  2. 
Dorsal  spines  of  thirteenth  legs,  0,  0,  1,  0,  0;  ventral,  0,  0,  1,  1,  1. 
Dorsal  spines  of  twelfth  legs,  0, 0, 0, 0, 0;  ventral,  0, 0, 0, 1, 1.  Dorsal 
spines  of  eleventh  legs,  0,  0,  0,  0,  1;  ventral,  0,  0,  0,  1,  1.  Dorsal 
spines  of  first  legs,  0,  0,  0,  0,  1;  ventral,  0,  0,  0,  0,  1.  None  of  the 
coxae  at  all  armed. 
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Antennae  short;  articles  (in  type)  25. 

Eyes  composed  of  few  oceUi  (6  or  less  in  type)  which  are  arranged  in 
either  one  or  two  series;  single  ocellus  decidedly  largest  as  in  Tidabius. 

Prostemal  teeth  2+2;  line  of  apices  rather  strongly  recurved. 

Coxal  pores  circular;  uniseriate. 

Posterior  legs  of  male  short;  uniformly  a  little  thickened;  without 
any  special  lobes  or  processes. 

Claw  of  female  g(Hiopods  in  type  nearly  bipartite,  the  ectal  lobe 
conmionly  obsolescent,  then  contracting  with  all  known  species  of 
Tidabius.  Basal  spines  moderately  slender,  acutely  and  evenly 
acuminate  from  very  base  to  apex. 

Posterior  angles  of  none  of  the  dorsal  plates  at  all  produced. 

Small  in  size  (max.  length  of  type  species  cir.  7.5  nmi.). 

Type. —  S.  purUanu$,  sp.  nov. 

Distribution. —  New  England  States. 

Evidently  this  genus  is  closest  to  the  preceding  one,  Tidabius. 
From  this  genus,  however,  it  is  clearly  distinct  in  the  spining  of  the 
legs;  e.  g,  the  dorsal  spines  of  the  anal  legs  being  0,  0, 1,  0,  0  whereas 
in  all  species  of  Tidabius  the  corresponding  formula  is  0,  0,  2,  0,  0; 
abo  the  ventral  spines  of  these  legs  are  0, 1, 1, 1, 0,  whereas  in  the  other 
genus  the  formula  is  0, 1,  3, 1,  0  or,  more  rarely,  0, 1,  3, 2,  0;  and  the 
contrast  in  spining  of  the  penult  legs  is  still  greater  and  equally  con- 
stant. The  prostemum  is  similar  to  that  of  Tidabius  though  the  line 
of  apices  of  teeth  is  more  strongly  recurved  than  in  any  species  of  the 
latter  genus.  The  basal  spines  of  the  female  gonopods  are  conspicu- 
ously different  in  shape,  being  more  slender  and  not  showing  any 
division  into  broader  proximal  portion,  the  sides  of  which  are  divergent 
or  parallel,  and  an  acuminate  distal  portion,  so  characteristic  in  all 
species  of  Tidabius,  but  attenuated  uniformly  from  base  to  apex;  etc. 
The  ocelli  are  fewer  in  number  and  show  a  pronounced  tendency  to 
form  but  a  single  series.  Tidabius  and  Sigibius  may  be  at  once 
separated  from  the  other  two  genera  dealt  with  in  the  present  paper 
by  the  larger  number  of  antennal  articles  and  by  their  not  having  the 
posterior  legs  of  males  characterized  by  any  special  processes  or  lobes. 


Sigibius  pimrrANUS,  sp.  nov. 

Diagnosis. —  Dorsal  spines  of  third  to  eleventh  pairs  of  legs, 
0,  0,  0,  0,  1;  ventral  0,  0,  0,  1,  1.  Dorsal  spines  of  first  and  second 
pairs,  0,  0,  0, 0, 1;  ventral,  0,  0,  0, 0, 1. 
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Ocelli  3  to  6  in  one  ot  two  series. 

Prostemum  near  1.57  times  wider  than  long,  Distance  between 
chitinous  spots  2^  times  the  width  at  median  incision;  3.86  times  the 
dental  line. 

Coxal  pores  2,  3,  3, 3-3, 4, 4,  3. 

Claw  o(  female  gonopods  wide  bipartite  or  with  obsolescent  third 
tooth;  the  two  main  lobes  short  and  rounded. 

Body  on  average  about  7.78  times  longer  than  width  of  tenth  plate. 

Head  a  little  longer  than  wide  (42: 40  to  41 :  40). 

First  dorsal  plate  about  1.7  times  wider  than  long. 

Brown  to  testaceous,  often  of  dilute  olivaceous  caste;  caudal  dorsal 
plates  and  commonly  1st  one  darker,  reddish  brown.  Head  chestnut, 
light  ferruginous  in  front  of  suture. 

Description. —  The  dorsum  is  brown  to  testaceous,  often  of  dilute 
olivaceous  caste;  caudal  plates,  and  usually  also  the  first  one  darker, 
reddish  brown  or  chestnut,  and  one  or  more  of  the  plates  immediately 
caudad  of  the  first  one  often  with  their  posterior  borders  abo  of  the 
darker  color  or  the  first  plate  also  similarly  darker  only  along  its 
caudal  border.  Head  chestnut  in  appearance,  of  a  lighter  ferruginous 
color  in  front  of  suture,  behind  which  there  is  present  a  median  black 
spot  extending  toward  the  caudal  margin.  Antennae  mostly  dark 
brown  proximally,  becoming  lighter  distad,  the  distal  portion  being 
mostly  yellowish  or  sometimes  of  a  rufous  tinge.  Prostemum  dusky 
brown,  the  prehensorial  feet  lighter,  rufous  distally.  Venter  pale; 
the  caudal  plates  darker,  ferruginous  to  burnt  brown;  the  anterior 
segments  or  entire  venter  suffused  with  purplish.  Legs  mostly  pale, 
but  the  caudal  pairs  bright  yellow  or  light  orange  excepting  proxi- 
mally, where  they  are  brown. 

Body  strongly  attenuated  cephalad,  about  7.8  tjmes  longer  than 
width  of  tenth  plate.  Widths  of  head  and  of  first,  third,  eighth,  tenth, 
and  twelfth  plates  to  each  other  as  39: 38: 42:  50: 50.5: 50  in  a  female 
type;  in  male  as  39: 37.5: 39: 46: 47: 46,  the  female  being  thus  pro- 
portionately the  broader  caudad.  Head  subcordate,  mostly  a  little 
longer  than  wide  (42: 40  to  41 :  40). 

Antennae  very  short;  articles  mostly  25,  very  short;  hairs  moder- 
ately long,  not  very  dense. 

Eyes  each  consisting  of  from  3  to  6  ocelli  arranged  in  one  or  two 
series:  —  e,  g,,  1+2;  1+2,  1;  1+3,  2.    Single  ocellus  largest. 

Prostemum  about  1.57  times  wider  than  long.  Distance  between 
chitinous  spots  2}  times  width  at  level  of  bottom  of  median  incision; 
3.86  times  length  of  dental  line.    Median  incision  moderately  wide. 
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sides  straight  and  strongly  converging.  Teeth  small  and  acute;  the 
line  of  apices  strongly  recurving,  the  ectal  tooth  on  each  side  being 
borne  considerably  farther  forward  than  the  mesal  one.  Spine  in- 
serted at  base  of  outer  tooth,  scarcely  stouter  at  base  than  the  hairs, 
becoming  slender  and  finely  pointed  distad. 

First  dorsal  plate  1.7  times  wider  than  long.  Minor  plates  all  with 
caudal  comers  obliquely  somewhat  excised;  none  with  them  at  all 
produced. 

Coxal  pores  2,  3,  3,  3-3,  4,  4,  3;  increasing  in  size  distad  on  each 
coxa. 

Spines  of  first  and  second  pairs  of  legs,  o  o  o'o  i'  ^'  third  to 
eleventh,  g;g:g;?;[;  of  twelfth,  g^^-g^;  of  thirteenth,  g;g; };;;;; 
of   the  penuit,  ^-f^f^;    claws  2;    of   the   anal  also,  ^^^^f^' 

claws  2. 

Posterior  legs  in  male,  short,  very  moderately  and  uniformly  en- 
larged. 

Claw  of  female  gonopods  broad;  the  ectal  lobe  commonly  almost 
or  wholly  obliterated,  the  other  two  lobes  distinct,  with  the  median 
usually  considerably  the  larger,  or  sometimes  the  two  lobes  are  nearly 
equal  and  bluntly  rounded.  Basal  spines  differing  from  those  of 
species  of  Tidabius  in  being  more  slender  and  in  being  attenuated 
evenly  from  the  very  base  to  the  acutely  rounded  apex,  their  being 
no  distal  acuminate  portion  sharply  delimited  from  a  basal.  Inner 
edge  of  first  article  straight. 

Type  Locauty. —  Massachusetts  (Cambridge I). 

Localities. —  Massachusetts  (Cambridge!  Arlington  Hei^^ts! 
Forest  Hillsl  Waverleyl  MattapanI  Blue  Hillsl  Wdlesleyl  Hough's 
Neck  I);   Maine  (Orono!  Bangor  I  Hampden  I  Old  Town  I). 
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PLATE  1. 

Nampabius  virqixiensis  Chamberlin. 

Fig.    1.    Prostemum. 

Fig.    2.    Anterior  border  of  prostemum  more  highly  enlarged,  showing  teeth, 

ectal  spines  and  form  of  mesal  incision  characteristic  of  the  genus. 

^  Fig.    4.    Penidt  leg  of  cf  showing  the  characteristic  process  at  distal  end  of 

tibia. 
Fig.    5.    Process  of  penidt  leg  more  highly  enlarged. 

Nampabius  embius  Chamberlin. 

Fig.    3.    Left  eye,  showing  characteristic  form  and  arrangement  of  ocelli 
(single  ocellus  at  the  right  of  fig.). 

Nampabius  fungifergpes  Chamberlin. 

Fig.    6.    Penult  leg. 

Fig.    7.    Process  of  penult  leg  more  highly  enlarged. 
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PLATE  2. 

Nampabius  qeorgianus  Chambeiiin. 

Fig.    1.    Penult  leg,  caudal  (mesal)  aspect. 

Fig.    2.    Process  of  penult  leg  more  highly  enlarged. 

Fig.    3.    Anal  leg  ectal  aspect. 

Nampabius  cabolin£N8is  Chamberlin. 

Fig.    4.    Penult  leg,  caudal  aspect. 

Fig.    5.    Process  of  penult  leg  more  highly  enlarged. 

Nampabius  yibqinibnsis  Chamberlin.    (See  also  Plate  1). 

Fig.    6.    Left  gonopod  showing  typical  form  of  claw,  basal  spines,  and  prozt- 
mal  article. 

Nampabixts  embius  Chamberlin. 
Fig.    7.    Antenna. 
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PLATES. 

Nampabitjb  pabisnus  Ghamberlin. 

Fig.    1.    Penult  leg,  caudal  aspect. 

Fig.    2.    Process  of  penult  leg  more  highly  enlarged. 

Nampabhtb  TBNNB88BBNBIS  Chamberlln. 

Fig.    3.    Penult  leg. 

Fig.   4.    Process  of  penult  leg  more  highly  enlarged. 

Nampabhtb  mnacus  Ghamberlin. 

Fig.   5.    Penult  leg,  caudal  aspect. 

Fig.    6.    Process  of  penult  leg  more  highly  enlarged. 

Nampabius  vibqinibnsis  Ghamberlin.    (See  Plates  1,  8) 
Fig.    7.    Head  in  outline,  showing  the  more  usual  form  in  the  genus 

Nampabius  qbobqianub  Ghamberlin.     (See  also  Plate  8). 
Fig.    8.    Head  in  outline. 
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PLATE  4. 

GABisnTS  MONnooLiNS  Chamberiin. 

Fig.    1.    Prostemum. 

Fig.   2.    Anterior  border  of  piostemum  more  hif^y  enlarged,  showing  teeth» 

spines  and  form  of  median  incision  characteristic  in  the  genus. 
Fig.   3.    Antennae. 
Fig.   4.    Left  eye  showing  typical  form  and  arrangement  of  oodli  (sin^ 

ocellus  at  left). 
Fig.    6.    Anal  leg,  meeal  aq;>ect,  showing  positicm  and  usual  form  of  the  tibial 

crest  characteristic  of  males  of  the  genus. 
Fig.   7.    Tibial  crest  of  anal  leg,  ectal  view,  more  hi^ily  enlarged. 

GABisnTS  CATAWBAB  Chamberiin. 

Fig.   8.    Anal  leg,  meeal  view. 

Fig.   9.    Tibial  crest  of  anal  leg,  ectal  view,  more  hi^ily  enlarged. 

TiDABnTS  TivnTB  Chamberiin. 

Fig.   5.    Ri^t  gonq»od,  showing  form  of  daw  and  of  basal  spines  diaraeter- 
istic  of  the  genus. 
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PLATE  5. 

OABisnTB  MONTicx>LiN8  Chamberlin.    (See  also  Plate  4). 
Fig.    1.    Penult  leg,  caudal  aspect. 

TiDABiUB  Tiyius  Chamberlin.    (See  also  Plate  4). 

Fig.    2.    Prostemum. 

Fig.    3.    Anterior  border  of  prostemum  showing  teeth  spines  and  meaal 

incision,  the  latter  of  the  form  prevailini^y  but  not  ezchisiYely 

found  in  the  genus. 
Fig.    4.    Anal  leg  of  9 1  mesal  aspect,  showing  the  usual  form  for  both  sexes 

in  the  genus. 
Fig.    5.    Penult  leg  meeal  (caudal)  aspect. 
Fig    6.    Antenna,  representing  the  form  typical  in  the  genus. 
Fig.    7.    Right  eye,  showing  characteristic  form  and  arrangement  of  ocelli, 
(single  oceUus  at  left  of  figure). 

TmABius  opiPHiLns  Chamberlin. 
Fig.    9.    Basal  spines  of  left  gonopod  of  9 . 
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Na  3. —  The  Stanford  Expedition  to  Brazil^  191 U    John  C  Branner, 
Director.     The  Ckilopoda  of  Brazil. 

By  Ralph  V.  Chamberun. 

The  Brazilian  chilopods  upon  a  study  of  which  the  present  paper  is 
primarily  a  report,  were  collected  for  the  most  part  by  Mr.  W.  M. 
Mann  as  a  member  of  the  Stanford  expedition  to  Brazil  from  June  to 
September,  1911.  As  indicated  hereafter,  in  the  list  by  localities  and 
under  the  particular  species  concerned,  he  was  assisted  in  certain 
localities  by  Prof.  Harold  Heath  and  in  others  by  Dr.  Fred  Baker. 
The  collection  was  made  almost  wholly  in  parts  of  Brazil  from  which 
either  few  or  no  chilopods  whatsoever  have  been  previously  recorded; 
and  its  study,  in  connection  with  that  of  some  other  material  from  the 
country,  has  brought  about  such  a  relatively  material  increase  in  the 
known  fauna,  that  it  has  seemed  advisable  to  give  a  complete  review 
of  the  chilopods  of  Brazil.  The  Stanford  Expedition  collection  has 
been  purchased  by  the  Museum  of  Comparative  Zoology. 

In  Dr.  Brolemann's  Catalogue  des  Myriopodes  du  Br^sil  (Sao 
Paulo,  1909.  Catalogos  de  Fauna  Braziliera,  2,  issued  by  the  Museu 
Paulista),  after  the  elimination  of  manifest  synonyms  and  nomina 
ntida,  there  are  mentioned  sixteen  genera  and  thirty-nine  species  of 
chilopods.  The  present  paper  lists  seventy-one  species  under  twenty- 
five  genera.  Of  the  additional  forms,  two  families,  three  genera,, 
and  nineteen  species  have  not  been  elsewhere  recorded  as  occurring  ia 
Brazil,  and  of  these  one  genus  and  seventeen  species  are  described  as. 
new.  In  addition  it  has  been  deemed  advisable  to  include  descrip- 
tions of  a  new  genus  and  three  new  species  from  the  adjoining  country 
of  British  Guiana,  these  having  been  studied  in  connection  with  the 
Brazilian  material. 

Tbe  following  list  shows  the  known  geographical  distribution  of 
the  species.  From  states  not  here  listed  no  records  have  been  pub- 
lished. The  new  forms,  and  those  new  to  the  Brazilian  fauna,  are- 
starred.  In  addition  to  these,  because  of  the  new  territory  covered,, 
nearly  all  of  the  records  of  species  secured  by  the  Expedition  are  new 
within  Brazil  and  of  interest  and  importance  in  throwing  light  upon 
distribution.  The  greater  part  of  previously  published  records  have 
been  from  the  coastal  states  from  Bahia  southward,  the  most  being^ 
from  Bahia,  Rio  de  Janeiro,  and  Sao  Paulo.  The  States  in  which 
Mr.  Mann  and  his  associates  worked  are  listed  first  and  in  order 
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below,  each  being  preceded  by  a  letter;  while  the  particular  localities 
within  the  states  in  which  collecting  was  carried  out  are  indicated  by 
a  preceding  number. 

A.  Rio  Grande  do  Norte. 

1.  Natal,    (Mann.    June). 

*  Qrphnaeus  branneri,  sp.  nov.  Scolopendra  viridicomis  Newport. 
Pselliophora  nigrovittata  (Meinert).  Scolopopendropsis  calcaratus 
(Pocock). 

2.  Ceard'Mirim,     (Mann  and  Heath). 

Qrphnaeus  brevilabiatus  (Newport).  Trematophycus  celeris 
(Humbert  and  Saussure).     Scolopendropsis  calcaratus  (Pocock). 

B.  Ceara. 

3.  Ceard  (Mann). 
Scolopendra  viridicomis  Newport. 

C.  Parahyba. 

4.  Independenda  (Mann  and  Heath.  Among  the  hills  north  of 
the  town). 

*  Schendylurus  perditus,  sp.  nov.  *  Adenoschendyla  parahybae, 
sp.  nov.  Orphnaeus  brevilabiatus  (Newport).  *Cryptop8  heathi, 
sp.  nov.    Pselliophora  nigrovittata  (Meinert). 

5.  Parahyba, 
Scolopendra  morsitans  Linn^. 

D.  ParX. 

6.  Pard  (Mann  and  Baker.  Chiefly  in  the  suburb  of  Souza 
along  trails  through  the  forest.    July). 

Qrphnaeus  brevilabiatus  (Newport).  *  Schizonampa  manni,  gen.  et 
sp.  nov.  *  Newportia  collaris  Eiaepelin.  *  Newportia  paracusis,  sp. 
nov.  Scolopocryptops  miersii  Newport.  Qtostigmus  goeldi  Brole- 
mann.  Cupipes  spinifer  Kraepelin.  Hemiscolopendra  laevigata 
Porat.  Scolopendra  viridicomis  Newport.  Scolopendra  morsitans 
Linn^. 

Santarem. 

Scolopendropsis  bahiensis  Brandt.  Scolopendra  gigantea  Linn^. 
Scolopendra  morsitans  Linn^. 
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E.  Amazonas. 

7.  Mandos  (Mann  and  Baker.  In  and  about  a  ruined  church. 
August). 

*  Schendylurus  bakeri,  sp.  nov.  Qrphnaeus  brevilabiatus  (New- 
port). Notiphilides  grandis  Brolemann.  *  Mecistocephalus  puncti- 
frons  Newport.  Newportia  amazonica  Brolemann.  Newportia  bicegoi 
Brolemann.  Newportia  emsti  Pocock.  Newix)rtia  longitarsis  (New- 
port). *Otostigmus  amazonaCi  sp.  nov.  *Otostigmus  tidius,  sp. 
nov.  Trematophycus  celeris  (Humbert  and  Saussure).  Cupipes 
ungulatis  Meinert.  Cupipes  ungulatis  mitis  Brolemann.  *  Cupipes 
amazonae,  sp.  nov.  Scolopendra  morsitans  Linn^.  Scolopendra 
viridicomis  Newport. 

8.  Porto  Velho  (Mann  and  Baker.    September). 
Newportia  emsti  Pocock. 

Ohidjos  (Brazilian  Guiana). 

Scolopendra  gigantea  Linn^. 

Carsevenne  or  Cal^ene  River  (Brazilian  Guiana). 

Adenoschendyla  geayi  Brolemann  and  Ribaut.  Thalthybius 
(Prionothalthybius)  perrieri  Brolemann.  Ribautia  bouvieri  Brole- 
mann.   Newportia  collaris  Kraepelin. 

F.  Matto  Grosso. 

9.  Madeira-Mamore  R,  R,  Camp  39.  (284  km.  from  Porto  Velho. 
Mann  and  Baker.     September). 

Newportia  emsti  Pocock.  *  Newportia  longitarsis  sylvae,  subsp. 
nov.  *Otostigmus  rex,  sp.  nov.  *Otostigmus  casus,  sp.  nov. 
Trematophycus  celeris  (Humbert  and  Saussure).  *  Cupipes  neglectus, 
sp.  nov.     *  Scolopendra  explorans,  sp.  nov. 

10.  Madeira-Mamore  R,  R,  Camp  41,  (On  the  Rio  Madeira  306 
km.  from  Porto  Velho.    Mann  and  Baker.    September). 

*  Newportia  longitarsis  sylvae,  subsp.  nov.  Scolopocryptops  miersii 
Newport.  *Ostostigmus  suitus,  sp.  nov.  Scolopendra  angulata 
Newport.    Pselliophora  nigrovittata  (Meinert). 

11.  Ahund,  (Nearly  opposite  mouth  of  Rio  Abund.  Mann  and 
Baker.     September). 

Trematophycus  celeris  (Humbert  and  Saussure). 

Corwnbd, 

Aphilodon  augustatus  Silvestri. 

Urucum.  , 

Aphilodon  angustatus  Silvestri. 
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Pernambuco. 
Villa  Bella, 

Scolopendra  gigantea  Linn^. 
Pemambuco, 

Cupipes   ungulatis  Meinert.     Scolopendra  viridicornis   Newport. 
Orphnaeus  brevilabiatus  (Newport). 
Rio  Capivari. 
Cryptops  galatheae  Meinert. 

Bahia. 

Bahia. 

Otostigmus  scabrieaudus  (Humbert  and  Saussure) .  Trematophy- 
cus  longipes  (Newport).  Scolopendropsis  bahiensb  Brandt.  Sco- 
lopendropsis  calcaratus  (Poeock).  Scolopendra  viridicornis  Newport. 
Scolopendra  subspinipes  Leach. 

Iguarassu. 

Scolopendropsis  bahiensis  Brandt. 

Rio  Sao  Francisco, 

Scolopendra  viridicornis  Newport. 

Santo  Antonio  da  Barra, 

Scolopendropsis  calcaratus  (Poeock).  Pselliophora  nigrovittata 
(Meinert). 

MiNAS  Geraes. 

Otostigmus  scabrieaudus  (Humbert  and  Saussure).    Trematophy- 
cus  brasiliensis  Kraepelin. 
Lagoa  Santa. 
(?)  Geophilus  (Schendylurus?)  sublaevis  Meinert. 

Rio  de  Janeiro. 

Campo  Itatiaya, 

Schendylurus  luderwaldi  Brolemann  and  Ribaut. 

Petropolis, 

Cryptops  iheringi  Brolemann. 

Rio  Espirito  Santo. 

Otostigmus  scabrieaudus  (Humbert  and  Saussure).  Trematophy- 
cus  brasiliensis  Kraep)elin. 

Rio  de  Janeiro. 

Orphnaeus  hrcvilahiatus  (Newport).  (?)  Newportia  aurantiaca  (Ger- 
vais).  *Miraops  occiden  talis,  sp.  no  v.  Otostigmus  scabrieaudus 
(Humbert  and  Saussure).  ^  Cormocephalus  aurantiipes  (Newport). 
Scolopendra  morsitans  Linn^.    Scolopendra  subspinipes  Leach. 
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Sao  Paulo. 

Adenoschendyla  imperfossa  bolbonyx  Brolemann  and  Ribaut. 

AUo  da  Serra. 

Cryptops  iheringi  Brolemann.  Otostigmus  limbatus  (Meinert). 
Otostigmus  scabricaudus  (Humbert  and  Saussure). 

BelSm. 

Otostigmus  caudatus  Brolemann.  Hemiscolopendra  laevigata 
(Porat). 

Fagenda  Nova  Nicaragua. 

Schendylurus  gounellei  (Brolemann). 

Itapetininga, 

Otostigmus  caudatus  Brolemann. 

Piqiiete, 

Otostigmus  scabricaudus  (Hmnbert  and  Saussure).  Otostigmus 
tibialis  Brolemann. 

Poco  Grande. 

Schendylurus  paulista  (Brolemann). 

Santos. 

Otostigmus  limbatus  Meinert.    Otostigmus  tibialis  Brolemann. 

Sao  Pavlo. 

Otostigmus  caudatus  Brolemann.    Otostigmus  tibialis  Brolemann. 

ParanI. 

Otocryptops  ferrugineus  macrodon  Kraepelin.    Otostigmus  tibialis 
Brolemann. 
IguassHi. 
Mecophilus  neotropicus  Silvestri. 

Santa  Catherina. 
Blumenau. 
Adenoschendyla  plusiodonta  (Attems). 

Rio  Grande  do  Sul. 

Crjrptops  iheringi  Brolemann.    Cryptops  galatheae  Meinert. 

Porto  AUegre. 

Scolopocryptops  miersii  Newport. 

Sao  Laurengo. 

Scolopocryptops  miersii  Newport. 
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Brazil  (Without  more  definite  locality). 

?  Schendylurus  brasilianus  (Silvestri).  Adenoschendyla  imperfossa 
(Brolemann).  Mecistauchenius  micronyx  Brolemann.  (?)  New- 
portia  viridis  ((Jervais).  Otocryptops  femigineus  (Linn^).  Oto- 
cryptops  melanostomus  (Newport).  Trematophycus  longipes  (New- 
port). Scolopendra  polymorpha  Wood.  Scolopendra  altemans 
Leach.  Cupipes  brasiliensis  (Humbert  and  Saussure).  Lithobius 
forficatus  (Linn^). 

It  seems  scarcely  necessary  to  point  out  the  pronounced  dominance 
of  the  Scolopendroidea  in  the  Brazilian  chilopod  fauna  and  the  prac- 
tically complete  absence  of  the  Lithobiomorpha,  so  abundant  in  the 
Northern  Hemisphere.  It  is  probable,  however,  that  a  fair  representa- 
tion of  the  Henicopidae  will  later  be  found  to  occur.  In  the  Geo- 
philoidea  the  Schendylidae  are  manifestly  dominant,  the  Oryidae 
coming  next;  while  the  Geophilidae  proper  are  at  present  known  with 
certainty  to  be  represented  by  but  two  species,  one  of  which  is 
here  first  recorded  and  described. 


SCOLOPENDROIDEA. 
Cryptopidae. 

Of  this  family,  five  genera  (Cryptops,  Mimops,  heretofore  known 
only  from  China,  Newportia,  Otocryptops,  and  Scolopocryptops) 
are  represented  in  the  Brazilian  fauna,  this  being  about  half  of  the 
total  number. 

Cryptops  Leach. 

Trans.  Linn.  Soc.  London,  1814,  11,  p.  384. 

Key  to  Species. 

a.    Tarsi  of  all  legs  distinctly  Particulate;   last  ventral  plate  with 
scattered  dark  spicules  or  spinous  points  which  also  cover  the 

coxopleurae C.  iheringi  Brdlemann. 

aa.    Tarsi  of  only  last  two  pairs  of  legs  distinctly  biarticulate;  last 
ventral  plate  and  coxopleurae  not  armed  with  spicules, 
b.    Second  dorsal  plate  distinctly  bisulcate;  anterior  margin  of 

prostemum  nearly  straight C,  heatki,  sp.  nov. 

bb.    Second  dorsal  plate  without  sulci;   anterior  margin  of  pro- 
stemimi  distinctly  biarcuate C.  gaUdheae  Meinert. 
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Cryptops  iheringi  Brolemann. 

Rev.  Museu  Paulista,  1901,  5,  p.  42,  pi.  1,  fig.  6,  7;  Kraepelin  Revis.  Scolop., 
1903,  p.  32,  fig.  2;  Brdlemann,  Cat.  Myr.  Bi^sil,  1909.  p.  8. 

Localities, —  State  of  Sao  Paulo:  Alto  da  Serra  (type  loe.);  State  of 
Rio  de  Janeiro:  Petropolis;  State  of  Rio  Grande  do  Sul. 


Cryptops  galatheae  Meinert. 

Vidensk  medd.  nat.  foren.  Kj^benhavn,  1887,  p.  140;  Kraepelin,  Revis.  Scolop., 
1903,  p.  54. 

Cryptops  capivarae  Pocock,  Ann.  mag.  nat.  hist.,  1891,  ser.  6,  8,  p.  158;  Brdle- 
mann, Cat.  Myr.  Br^sil,  1909,  p.  8. 

Cryptops  hrasUiensis  Attems,  Mitt.  Mus.  Hamburg,  1900,  18,  p.  112;  Brdle- 
mann. Cat.  Myr.  Br^sil,  1909,  p.  8. 

Localities. —  State  of  Rio  Grande  do  Sul  (brasiliensis  Attems) ;  State 
of  Mat  to  G  rosso:  Rio  Capivari  {capimrae  Pocock);  Argentina: 
Montevideo  {galatheae  Meinert). 


Cryptops  heathi,  sp.  nov. 

Color  yellowish.    Head  a  little  darker  than  the  body. 

Head  widest  anteriorly,  the  sides  converging  caudad;  caudal  mar- 
gin straight,  meeting  the  edge  of  the  first  dorsal  plate  flush  or  scarcely 
overlapping  the  latter.  Sulci  not  evident  in  middle  and  anterior 
portions;   but  rather  faintly  indicated  caudad.    Scarcely  punctate. 

Prostemum  not  punctate;  with  a  median  longitudinal  furrow. 
Anterior  margin  nearly  straight,  being  very  slightly  bowed  caudad 
toward  each  end;  bearing  three  bristles  on  each  side.     (Plate  1,  fig.  2). 

First  dorsal  plate  with  a  distinct  transverse  cervical  sulcus  which 
is  angularly  bent  caudad  at  the  middle  line,  the  plate  being  depressed 
at  this  angle.  Two  longitudinal  sulci  present,  but  these  in  the  type 
are  rather  weak;  forking  cephalad,  the  inner  branches  meeting  at  an 
angle  at  the  median  line  a  little  caudad  of  the  cervical  sulcus  and  the 
lateral  lines  each  meeting  the  sulcus  farther  laterad  (see  Plate  1,  fig.  1). 

All  dorsal  plates  from  the  second  to  twentieth  longitudinally  bisul- 
cate.    Plates  not  roughened;  none  of  them  bearing  cornicles. 

Last  plate  with  a  shallow  median  longitudinal  furrow  which  is  more 
evident  toward  the  caudal  end. 
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Ventral  plates  not  punctate.  Last  ventral  plate  widely,  semi- 
circularly,  rounded  caudad. 

Coxopleiurae  subtnincate  caudally,  not  at  all  extended.  Pores 
few,  small,  not  reaching  the  caudal  edge  by  a  large  space. 

Anterior  legs  not  distinctly  biarticulate.  Anal  legs  with  prefemur, 
femur,  and,  less  distinctly,  the  tibia  longitudinally  furrowed  dorsally. 
Prefemur  with  numerous  spinules  of  the  usual  character  over  ventral 
and  mesal  surface;  elsewhere  with  bristles;  no  longitudinal  glabrous 
area  on  ventral  side.  Femur  armed  similarly  to  the  prefemur  but 
bearing  in  addition  to  the  spinules  a  single  stout  tooth  on  the  ventral 
surface  toward  the  distal  end.  Tibia  bearing  ventrally  toward  the 
mesal  edge  a  row  of  stout  teeth;  and  the  first  tarsal  joint  bearing  in 
corresponding  location  two  similar  teeth  with  an  elevation  distad  of 
them  as  shown  in  Plate  1,  fig.  3. 

Length  of  tjrpe  cir.  10  mm. 

Locality, — State  of  Parahyba:  Independencial    (Mann  and  Heath) . 

One  specimen  taken  in  the  hills  north  of  the  town. 


Paracryptops  Pocock. 

Ann.  macg.  nat.  hist.,  1891,  ser.  6,  7,  p.  227.    Kraepelin,  Rev.  Scolop.,  1903, 
p.  59. 

Previously  this  genus  was  known  only  from  the  East  Indies,  from 
where  two  species  had  been  described.  Another  species  has  been 
recently  described  from  India. 


Paracryptops  inexpectus,  sp.  nov. 

Color  light  lemon-yellow,  darkest  cephalad.  Head  darker  than 
body,  dilute  orange-yellow  excepting  at  anterior  end  where  light 
yellow.     Antennae  and  legs  pale  yellowish. 

Cephalic  plate  overlapped  by  the  first  dorsal  plate.  Widest  toward 
anterior  end,  from  where  the  sides  at  first  slightly  and  then  more 
strongly  converge  to  the  caudal  comers;  anterior  border  of  head  sub- 
triangular,  notched  at  median  line.  On  caudal  portion  with  two 
short  subparallel  sulci;  a  pit-like  depression  a  little  distance  from 
each  lateral  margin  at  middle  of  length;  not  punctate.    Hair  sparse. 
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Antennae  composed  of  seventeen  articles  as  usual.  Densely 
clothed,  with  fine  short  hairs  but  these  becoming  longer  and  much 
sparser  proximad. 

Prostemum  rather  widely  though  but  moderately  depressed  along 
the  median  longitudinal  line.  Anterior  margin  moderately  extended 
cephalad,  though  less  so  than  in  breviunguis;  margin  each  side  of  the 
narrow  median  incision  broadly  semicircular  or  with  edges  from 
rounded  ectal  ends  to  mesal  incision  substraight,  the  two  sides 
meeting  at  an  obtuse  re-entrant  angle;  no  distinct  semilunar  dental 
plates  are  present  though  there  is  a  suggestion  of  the  separation  of 
the  smooth,  rounded,  marginal  portion  suggestive  of  the  condition  in 
weberi. 

First  dorsal  plate  long;  smooth;  without  furrows  or  with  but  very 
faint  and  short  traces  of  a  longitudinal  pair  toward  anterior  end.  Sub- 
median  paired  longitudinal  sulci  present  on  other  dorsal  plates  from 
the  second  to  the  penult  as  are  also  the  ciwved  lateral  sulci,  the  latter 
being  sharply  impressed  excepting  on  the  first  few  plates,  where  they 
are  faint.  Last  dorsal  plate  with  caudal  produced  border  subtriangu- 
lar,  the  median  angle  somewhat  obtuse  with  the  margin  each  side  also 
forming  a  slight,  very  obtuse,  angle  near  middle  of  its  length.  Plate 
with  a  very  deep  median  longitudinal  sulcus. 

The  ventral  plates  show  a  somewhat  semicircular  transverse  im- 
pression in  front  of  the  level  of  the  legs  and  a  second  transverse 
impression  a  little  caudad  of  the  legs,  but  not  truely  cruciform 
impression  is  indicated  in  the  type.  Last  ventral  plate  with  sides 
nearly  straight,  these  converging  to  the  semicircular  caudal  border. 

Spiracles  longitudinally  elliptic. 

Tarsi  of  anterior  legs  undivided.  Legs  clothed  with  sparse  stiff 
bristles,  these  more  spinescent  on  more  caudal  pairs.  Prefemur  of 
anal  legs  clothed  with  numerous  long  spines  excepting  dorsally  and  on 
median  portion  of  ectal  surface  where  they  are  replaced  with  fine  hairs. 
Femur  armed  with  similar  or  slightly  more  slender  spines  which  are 
confined,  however,  more  nearly  to  the  strictly  ventral  surface;  with- 
out teeth.  Tibia  without  spines  but  bearing  ventrally  a  longitudinal 
series  of  four  teeth,  these  teeth  curving  caudad  at  distal  ends.  First 
tarsal  joint  with  a  single  tooth  at  proximal  end  on  ventral  surface. 
Second  tarsal  joint  without  true  teeth;  but  on  ventral  surface  at  proxi- 
mal end  it  is  extended  into  a  conspicuous  rounded  process. 

Length  cir.  16  mm. 

Locality, —  British  Guiana.  One  specimen  taken  at  Washington, 
D.  C,  in  pots  of  plants  imported  from  British  Guiana. 
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MiMOPS  Kraepelin. 

Revis.  Scolop..  1903.  p.  62. 

This  genus  has  heretofore  been  known  from  one  species  (M,  orierUalis 
Kraepelin)  based  upon  a  single  specimen  from  China  (Province 
Shensi).  It  was  a  matter  of  much  surprise  and  interest,  therefore,  to 
find  in  the  collection  of  the  M.  C.  Z.  two  specimens  of  a  distinct  species 
but  fully  conforming  to  this  genus  in  a  vial  with  specimens  of  Orph- 
naeus  brevUabiaiua  (Newport)  from  Rio  de  Janeiro.  The  specimens  of 
Qrphnaeus  had  been  labeled  0,  brasUiensis  by  Meinert,  who  seems  to 
have  overlooked  or  to  have  failed  to  examine  critically  the  smaller 
specimens  of  Mimops.  It  is,  of  course,  quite  possible  that  the  speci- 
mens were  introduced  to  Rio  de  Janeiro  on  ships  from  the  East;  but 
this  must  remain  for  the  present  uncertain. 

MiMOPS  occidentaus,  sp.  nov. 

The  color  of  the  types  appears  to  have  been  yellowish;  but  because 
of  long  preservation  the  original  color  of  the  specimens  cannot  be 
satisfactorily  ascertained. 

Cephalic  plate  wider  than  long,  nearly  in  ratio  12: 11.  A  little 
overlapping  the  first  dorsal  plate.  Widest  anteriorly,  with  sides 
converging  caudad;  caudal  margin  mesally  a  little  incurved;  the 
anterior  margin  incised  between  bases  of  antennae.  Longitudinally 
depressed  in  caudal  region  each  side  of  middle.     (Plate  1,  fig.  4). 

Antennae  composed  of  seventeen  or  eighteen  articles,  which  in  the 
proximal  half  are  as  wide  as  or  wider  than  long,  but  distad  become 
longer  than  wide. 

Anterior  margin  of  prostemum  nearly  straight  being  but  very 
weakly  widely  convex;  bearing  two  moderately  high,  distally  rounded, 
dental  plates  separated  by  a  median  spaces  or  incision  which  is  roimded 
at  bottom  and  is  deeper  than  in  orienlalis  Kraepelin.  All  joints  of 
prehensorial  feet  unarmed.  Claw  short  and  stout  and  but  little 
curved.     (Plate  1,  fig.  5). 

First  dorsal  plate  with  a  transverse  sulcus  a  little  caudad  of  margin 
of  head,  this  sulcus  bending  caudad  at  middle  region.  Also  with  a 
longitudinal  furrow  each  side  of  the  middle  extending  cephalad  from 
the  caudal  margin  and  uniting  at  an  angle  with  its  fellow  near  the  mid- 
dle of  the  plate,  from  where  they  continue  as  a  single  median  furrow 
to  the  transverse  sulcus  (Plate  1,  fig.  4).     Other  dorsal  plates  bi- 
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silicate.  The  sulci  of  the  second  and  third  as  well  as  of  the  others 
entirely  crossing  the  plate.  A  ridge-like  elevation  or  keel  between 
the  sulci.  Plates  longitudinally  depressed  on  each  side  between  the 
sulcus  and  the  lateral  margin.  (Plate  1,  fig.  6).  Last  dorsal  plate 
margined.  Bowed  out  caudad  with  the  mesal  part  truncate,  the 
margin  on  each  side  of  truncation  slightly  incurved  and  extending  ob- 
liquely to  the  lateral  margin.  The  two  longitudinal  sulci  also  evident 
on  this  plate  excepting  at  caudal  end. 

Second  to  nineteenth  ventral  plates  longitudinally  bisulcate.  First 
plate  with  a  median  longitudinal  furrow.  Especially  the  more  poste- 
rior plates  longitudinally  broadly  depressed  each  side  of  the  middle. 
Last  ventral  plate  strongly  narrowed  caudad,  though  less  strongly 
so  than  in  orientalis.  Caudal  margin  straight  or  but  slightly  excurved ; 
comers  roimded. 

Coxopleurae  extended  caudad  in  a  conical  process  which  is  stouter 
and  less  cylindric  than  in  orientcdis.  Pores  small  and  numerous. 
(Plate  1,  fig.  7). 

Tarsi  of  all  legs  distinctly  biarticulate.  Anal  legs  of  form  very 
similar  to  that  of  orientalis.  Prefemur  with  a  low  dorsal  elevation  at 
distal  end.    Claw  much  shorter  than  tarsus. 

Length  10.5  nun. 

Loadiiy. —  State  of  Rio  de  Janeiro:  Rio  de  Janeiro.  Nathaniel 
Thayer  expedition.     1864.    M.  C.  Z. 

Because  of  long  preservation  the  two  specimens  are  bleached  and 
almost  wholly  bereft  of  hairs  and  spinules;  accordingly,  no  attempt  is 
made  to  describe  their  presence  and  characteristics.  Mimops  orien- 
talis Kraepelin,  the  other  species  of  the  genus,  is  from  Shensi,  China. 
It  is  a  much  larger  form  and  differs  in  numerous  structural  details 
from  the  present  species. 

Otocryptops  Haase. 

Abhandl.  Mas.  Dresden,  1887,  6,  p.  96. 

Scolopocryptopa  Newport  (in  part),  Trans.  Linn.  soc.  London,  1844, 19,  p.  405. 

Meinert  (ad  part,  max.),  Proc.  Amer.  philos.  soo.,  1886,  23,  p.  179. 
Otocryptops  Kraepelin,  Revis.  Scolop.  1903,  p.  68.    Verhoeff,  Bronn's  Thier- 

reich,  1907,  5,  p.  255. 

Key  to  species. 

a.    Twentieth,  and  often  also  the  twenty-^Brst,  legs  with  a  spine 
both  on  tibia  and  on  tarsus;  presternum  with  anterior  margin 


Digitized  by 


Google 


162  bulletin:  mtseum  op  comparative  zoology. 

bearing  two  to  four  more  or  less  distinct  teeth  or  dentiform 
elevations. 

b.     Basal  tooth  of  first  joint  of  prehensors  small  or  but  moderate 
in  size,  being  at  base  from  one  eighth  to  one  tenth  as  thick  as 

the  joint 0.  ferrugineus  (Linnd). 

bb.    Basal  tooth  of  first  joint  of  prehensors  large,  being  at  base 
nearly  one  /ourth  as  wide  as  the  joint. 

0.  ferrugineus  macrodan  Kraepelin. 

aa.    Twentieth  to  twenty-third  pairs  of  legs  always  lacking  tibial  and 

tarsal  spines;  prostemal  margin  smooth,  without  trace  of  teeth. 

0.  Tnelanostomus  (Newport). 


Otocrtptops  ferrugineus  (Linn^. 

Scolopendra  ferruginea  Linn^.  Sjrst.  nat.  ed.,  12,  1767,  6,  p.  1063. 
Scolopocryptops  ferruginea  Newport,  Trans.  Linn.  soc.   London,  1844,  19, 

p.  406. 
Seohpocryptops  rufa  Gervais,  Insect.  Apt^res,  1847,  4,  p.  297. 
Scolopocryptops  mexicana  Humbert  et  Saussure  (non  Saussure,  1860) ,  Rev.  mag. 

sooL,  1869,  p.  158. 
Scolopocryptopa  sexepinoaa  Porat  (non  Say),  Bih.  Svensk.  vet.  akad.  Handl.» 

1876,  4,  no.  7,  p.  26.    Kohlrausch  (in  part),  Arch,  naturg..  1881.  47,  1, 

p.  54. 
Scolopocryptops  antiUarum  Marsh,  Trans.  Ent.  soc.  London,  1878,  p.  37. 
Scolopocryptops  miersii  Meinert  (ad  part  max),  Proc.  Amer.  philos.  soc.,  1886» 

23,  p.  181 .» 
Scolopocryptops  bisulca  Karsch,  Abhandl.  Naturw.   ver.  Bremen,  1887,  9, 

p.  66. 
Scolopocryptops  strigilis  Karsch,  Ibid. 

Scolopocryptops  meinerti  Pocock,  Ann.  mag.  nat.  hist.,  1888,  ser.  6, 2,  p.  474. 
Otocryptops  ferrugineus  Kraepelin,  Revis.  Scolop.,  1903,  p.  72. 
Otocryptops  sexspinosus  Brolemann  (non  Say,  the  Brazilian  record).  Cat.  Myr. 

Bi^sil,  1909,  p.  11. 

Ioca/i<y.— "Brazil." 

This  is  a  widely  distributed  species  in  Mexico,  Jamaica,  Haiti,  and 
the  Antilles  generally,  Central  America,  Ecuador,  and  Peru. 

1  Of  the  spedmens  in  the  M.  O.  Z.  labeled  by  Meinert  m  8,  mUrtii  and  reported 
apon  in  the  paper  dted  above,  one  spedmon,  firom  Marttnique.  la  the  true  8, 
miertii  Newport,  the  others  being  O.  f^rrugin^u: 
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Otocryptops  ferrugineus  macrodon  Kraepelin. 

Revis.  Scolop.,  1903,  p.  74. 

Locality. —  State  of  Parand:  Parand  (sec.  Kraepelin). 
Separated  by  Kraepelin  from  the  species  on  the  basis  of  the  larger 
tooth  on  the  first  joint  of  the  prehensors  as  indicated  in  the  key  above. 

Otocryptops  melanostomus  (Newport). 

Scolopocryptops  mdanostoma  Newport,  Trans.  Linn.  soc.  London,  1844,  19, 

p.  406;  Gervais,  Insect.  Aptdres,  1847, 4,  p.  298. 
Scolopocryptops  megalocephalus  Kohlrausch,  Archiv.  naturg.,  1881,  47,  1,  p.  57. 
Scolopocryptops  huonicus  Kohlrausch,  Ibid.,  p.  58. 
Scolopocryptops  boholiensis  Kohlrausch,  Ibid.,  p.  58. 
Scolopocryptops  geopkUicomis  T6m6svary,  Tennes.  ftizetek,  1885,  9,  p.  65. 
Otocryptops  luzonicus  Haase,  Abhandl.  Mus.  Dresden,  1887,  6,  p.  98.  . 

Otocryptops  luzonicus  australis  Haase,  Ibid.,  p.  98. 

Otocryptops  longiceps  Pocock,  Ann.  mag.  nat.  hist.,  1890,  ser.  6,  8,  p.  160. 
Otocryptops  meianostoma  Pocock,  Joum.  Linn.  soc.  London,  1891,  24,  p.  464; 

Brolemann,  Ann.  Soc.  ent.  France,  1898,  67,  p.  250;  Kraepelin,  Revis. 

Scolop..  1903,  p.  74,  fig.  33,  34. 
Otocryptops  aculeatus  Attems,  Abhandl.  Senckenb.  gesellsch.,  1897,  23,  p.  478. 

Locality, —  Brazil  (recorded  as  0,  longiceps  by  Pocock). 
Also  known  from  Argentina  and  Venezuela  and  Porto  Rico,  St. 
Vincent,  etc.,  and  occiuring  widely  in  the  East  Indies  as  well. 

ScoLOPOCBTPTOPS  Newport. 

Newport  (in  part),  Trans.  Linn.  soc.  London,  1844,  19,  p.  405;  Kraepelin, 
Revis.  Scolop.,  1903,  p.  76;  Verhoefif,  Bronn's  Thierreich,  1907,  5,  p.  255. 

The  following  is  the  only  si>ecies  known  from  the  Western  Hemi- 
sphere. 

Scolopocryptops  miersii  Newport. 

Trans.  Linn.  soc.  London,  1844, 19,  p.  405;  Meinert  (in  part  min.),  Proc.  Amer. 
philos.  soc.,  1886,  23,  p.  181;  Pocock,  Joum.  Linn.  soc.  London,  1893,  24, 
p.  146;  Silvestri,  Ann.  Mus.  civ.  stor.  nat.  Genova,  1895,  ser.  2, 14,  p.  24; 
Br6lemann,  Ann.  Soc.  ent.  France,  1898, 67,  p.  250;  Rev.  Museu  Paulista, 
1901,  5,  p.  42;  Kraepelin,  Revis.  Scolop.,  1903,  p.  77;  Br6lemann,  Cat. 
Myr.  Bi^ail,  1909,  p.  33. 
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Localities. —  State  ot  Matto  Grosso:  Madeira-Mamore  R.  R.  camp 
41  CD  the  Rio  Madeira  I  (W.  M.  Mann);  State  of  Para:  Para,  suburb 
of  Souxa!  (Mann  and  Baker);  State  of  Rio  Grande  do  Sul:  Porto 
Allegre,  Sao  Lauren^. 

This  species  is  common  from  the  southern  United  States  southward 
throo^  Mexico  and  Central  America  to  Venezuela,  Guiana,  and 
BraziL 

Xewportia  Gervais. 

Insect.  Apt^res,  1847.  4,  p.  298;  Kraepelin,  Revis.  Soolop.,  1903,  p.  76;  Ver- 

hoeff,  Bronn's  Thierreich.  1907.  6.  p.  251. 
Newportia  +  Scolopendrides,  Sauasure.  Rev.  mag.  lool.  1869,  eer.  2, 21,  p.  158. 

This  genus,  peculiar  to  tropical  and  subtropical  America,  is  repre- 
sented in  Brazil  by  seven  known  species,  of  which  four  have  been 
previously  recorded.  Of  the  three  here  first  listed  from  Brazil,  two 
are  described  as  new.  In  addition,  Scolopocryptops  aurantiaca  and  S. 
tiridu  Gervais  (Insect.  Apt^res,  4)  are  probably  based  upon  members 
of  the  present  genus;  but  there  is  nothing  in  the  original  descriptions 
to  make  precise  identification  possible,  and  the  names  must  be  dropped 
until  the  types  are  examined,  if  they  now  be  in  existence. 

Key  to  Species. 

a.  Distal  division  of  tarsus  of  anal  legs  indistinctly  many  ringed, 
the  divisions  not  clearly  separated  or  numerable;  tibia  of  legs, 
excepting  the  last  three  pairs,  armed  both  laterally  and  ventraUy 
\iath  a  stout  spine;  tarsus  of  these  legs  also  with  a  stout  ventral 

spine;    spiracles  very  small (Scolopendrides  Saussure). 

b.     Anal  leg  terminating  in  a  well-developed  claw. 

A^  amazanica  Brolemann. 
bb.     Anal  leg  clawless. 

c.  Paired  longitudinal  sulci  of  head  crossed  near  caudal  ends 
with  a  fine  and  distinct  transverse  sulcus;  sulci  of  second 
dorsal  plate  evident  from  anterior  margin  caudad  to  or 

past  the  middle  of  plate N,  emsti  Pocock. 

cc.  Paired  longitudinal  sulci  of  head  not  crossed  near  base  by 
any  such  transverse  sulcus;  sulci  of  second  dorsal  plate 
not  evident  on  anterior  half,  being  present  only  as  short 
lines  at  caudal  border  which  bifurcate  into  a  very  short 
mesal  branch  and  an  ectal  one  that  runs  almost  directly 
ectad  to  the  lateral  margin N.  paraensis,  sp.  no  v. 
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.  Distal  division  of  tarsus  of  anal  legs  composed  of  a  limited  num- 
ber of  articles  clearly  separated  from  each  other;  tibia  of  anterior 
pairs  of  legs  with  only  a  lateral  spine;  tarsi  of  these  legs  without 
any  ventral  spine;    spiracles  large  and  distinct. 

{Newportia  sens,  sir,), 
b.    First  dorsal  plate  with  a  simple,  semicircular  or  nearly 
semicircular  transverse  cervical  sulcus;    its  paired  longi- 
tudinal sulcus  simple  and  undivided;   no  median,  pit-like, 
depression  caudad  of  median  sulcus. 

c.  Prefemur  of  anal  legs  on  dorsomesal  surface  with  two 
rows  of  from  seven  to  ten  spinules. 

N.  longitarsis  (Newport). 
cc.    Prefemur  of  anal  legs  without  any  spinules  proper  addi- 
tional to  the  large  ventral  spines. 

N.  longitarsis  sylvae,  subsp.  nov. 
bb.  First  dorsal  plate  with  the  transverse  cervical  sulcus  bent 
angularly  caudad  at  middle  and  with  a  pit-like,  median,  de- 
pression caudad  of  its  apex;  paired  longitudinal  sulci  bi- 
furcating cephalad,  the  inner  branches  meeting  in  the 
depression  and  the  lateral  extending  cephalo-ectad  to  the 
transverse  sulcus,  the  branches  together  forming  a  more  or 
less  w-shaped  outline. 

c.  First  joint  of  tarsus  of  anal  legs  clavately  thickened 
distad  and  with  comer  drawn  out  at  side  into  a  pointed 
angle;  part  of  first  plate  in  front  of  transverse  sulcus 
about  as  long  as  that  caudad  of  it. 

N.  coUaris  Kraepelin. 
cc.    First  joint  of  tarsus  of  anal  legs  not  thus  clavately  thick- 
ened distad;    cervical  sulcus  considerably  cephalad  of 
middle  of  first  plate N.  hicegoi  Brolemann. 


Newportia  amazonica  Brolemann. 

Rev.  Museu  Paulista.  1903,  6.  p.  69,  pi.  11,  fig.  3,  4;  Br6lemaim,  Cat.  Myr. 
Br^si],  1909,  p.  9. 

Locality, —  State  of  Amazonas:  MandosI  (Mann  and  Baker. 
This  is  dso  the  type  locality). 

Kraepelin  says  (Revis.  Scolop.,  p.  85)  with  reference  to  this  species: 
—  "S.  amazonica  Brol.  scheint  sich  von  der  vorsthenden  Ait  [N. 
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enisti]  vomehmlicfa  durcfa  den  Bcshx  ones  winxigeii  Kbuie  am  Ende 
der  Tmrsengeissel  m  untasdiddcn.  Icfa  ^ftobe  kaum  das  es  sidi 
hier  um  etne  artlidie  Verschiedenbeit,  aondem  um  eine  individuelle 
ROcksciilairsbQdiiiig  handeh,  die  im  interessanta-  Weise  die  Her- 
kimft  der  Newporticn  ans  Fotmcn  mit  Elauen  tragenden  Analbeinoi 
dcmonstriert," 

But  this  author  is  deariy  mistaken  in  regarding  the  daw  thus  as  an 
individual  atavistic  variation,  inaanoch  as  a  nonnal  and  weU-devd- 
oped  claw  b  present  in  ail  the  specimens  secured  in  the  type  locality 
by  Mr.  Mann  (Plate  2,  fig.  4).  In  Xewportia  emstiy  occasionally  a 
very  small  and  wholly  straight  diitinous  point  may  occur  at  the  tip 
of  the  tarsus  (^Plate  2,  fig.  5),  but  apparently  never  a  true  daw  or  any- 
thing that  might  be  regarded  as  pr^xriy  transitional  to  the  condition 
in  amazonica^  The  spining  oi  the  prefemur,  etc,  is  also  constantly 
different,  there  being  in  all  the  specimnis  examined  but  four  ventral 
spines  instead  of  six,  these  being  also  rdativdy  considerably  larger. 

Xewpobtla  ERxsn  Pocock. 

Ann.  mag.  n^t.  hist.   1S91.  ser.  6.  8,  p.  161;  Kraepelin,  Revis.  Scolop..  1903, 
p.  85.  fig.  3S,  39;  BrOlemann.  Cai.  Mvt.  Brfeil.  1909.  p.  10. 

Localitirs. —  State  of  Amazonas:  Man&is!,  Porto  Vdho!  (Mann 
and  Baker).  State  of  Matto  Grosso:  Madeira-Mamore  R.  R.  camp 
39  on  the  Rio  Madeira  (W.  M.  !^Iann). 

Numerous  specimens  were  sectu«l  at  Mangos  and  several  at  each 
of  the  other  two  places  indicated.  Closely  related  to  the  preceding 
species. 

Newih>btla  paraensis,  sp.  nov. 

Color  yeUow  of  a  reddish  tinge,  with  the  most  caudal  plates  darker. 

Head  with  prostemum  and  prdiensors  and  the  first  dorsal  plate 
reddish  brown.  Antennae  yellow,  darkest  proximally.  Head  with 
punctations  distinct  and  numerous,  not  fine,  more  sparse  in  frontal 
region,  particularly  in  a  transverse  band  across  its  caudal  portion. 
Two  median  sulci  distinct  forward  to  middle  of  plate  and  not  crossed 
by  any  transverse  sulcus;  a  median  longitudinal  furrow  from  anterior 
margin  a  Uttle  distance  caudad.  Caudal  margin  widdy  convex,  a 
little  incurved  right  of  middle  portion  of  sides  straight  and  paralld; 
caudal  comers  widely  rounded. 
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Antennae  short,  composed  of  sixteen  (mostly)  or  seventeen  articles. 
None  of  the  articles  glabrous  but  the  first  two  more  sparsely  clothed 
with  hair  than  the  others,  the  density  increasing  from  the  second  to 
the  fourth  and  thereafter  essentially  imiform. 

Anterior  margin  of  prostemum  considerably  more  elevated  ectally 
than  mesally;  bearing  two  wide  but  very  short  dental  plates  which 
are  weakly  convex. 

First  dorsal  plate  with  a  strictly  semicircular  cervical  sulcus  which 
is  entirely  free  from  the  head  and  at  its  middle  nearly  one  third  the 
distance  from  the  head  to  the  caudal  margin  of  the  plate.  Median 
longitudinal  sulci  distinct,  subparallel,  crossing  the  transverse  sulcus 
and  attaining  the  front  margin. 

Second  dorsal  plate  with  the  median  longitudinal  sulci  appearing 
as  very  short  lines  at  caudal  border,  each  line  being  continuous  with  a 
sulcus  extending  a  little  cephalad  of  directly  ectad  to  the  lateral 
margin  and  with  a  very  short  line  extending  mesocephalad.  The 
median  longitudinal  sulci  are  complete  on  the  other  plates.  The 
third  plate  shows  a  rather  wide  and  shallow  median  longitudinal 
furrow.  Subsequent  plates  with  a  distinct  narrow  median  longi- 
tudinal keel  set  off  by  two  deep  furrows.  Plates  from  fifth  caudad 
with  a  distinct  longitudinal  furrow  on  each  side  with  also  less  distinct 
indications  of  similar  ones  on  the  third  and  fourth. 

Last  dorsal  plate  bowed  considerably  caudad,  the  protruding  mesal 
portion  truncate.  Without  a  median  sulcus  or  with  but  weak  trace 
of  such  toward  caudal  end. 

Ventral  plates  from  the  second  to  the  penult  with  a  strongly  marked 
median  longitudinal  furrow  which  is  continuous  from  the  anterior 
margin  to  a  little  in  front  of  the  caudal  border.  Lateral  sulci  extendr 
ing  from  anterior  margin  to  caudal  portion  of  plate,  converging  with 
each  lateral  margin.    Not  distinctly  punctate. 

Last  ventral  plate  considerably  wider  than  long;  narrowed  caudad; 
posterior  comers  well  rounded;  caudal  margin  widely  though  but 
moderately  convex,  slightly  crenately  notched  each  side  of  the  middle. 

Spiracles  moderate;  mostly  elliptical,  being  obliquely  or  rather  more 
dorsoventrally  compressed. 

Coxopleural  processes  long  and  straight;  ending  in  a  single  slender 
and  acute  spine;  process  with  but  scattered  short  hairs. 

Prefemur  of  anal  legs  armed  ventrally  with  a  series  of  six  large 
spines  and,  in  addition,  on  mesal  surface  with  about  eighteen  spinules 
arranged  in  four  longitudinal  series.  Femur  armed  ventrally  with  two 
spinules  on  proximal  half  and  in  a  longitudinal  line.    Other  joints 
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unarmed.  Tibia  with  rather  sparse  and  moderately  long  hairs. 
Joints  of  tarsus  with  more  numerous  similar  hairs.  Second  division 
of  tarsus  indistinctly  segmented.  First  joint  or  division  of  tarsus 
considerably  thicker  than  the  second  division  and  more  slender  than 
the  tibia ;  half  or  a  little  more  than  half  the  length  of  the  latter  (17 :  32.) 
(Plate  2,  fig.  3). 

Length  of  largest  specimen  28  mm. 

Locality, —  State  of  Pari :  Pari,  suburb  of  Souza  I  (Mann  and  Baker) . 

Three  individuak,  two  adult  and  one  immature,  were  secured. 


Newportia  LONorr arsis  (Newport). 

Seohpocryptapa  longitarM  Newport,  Trans.  Linn.  soc.  London,  1844, 19,  p.  407, 
pi.  40,  fig.  10. 

Newportia  lonffUarM  Gervais,  Insect.  Apt^res,  1847,  4,  p.  298;  Humbert  et 
Saussure,  Rev.  mag.  xool.,  1869,  ser.  2,  (21),  p.  159;  Miss,  scient.  Mex., 
1872,  p.  138;  Pocock,  Joum.  Linn.  soc.  London,  1893,  84,  p.  416;  Br5le- 
mann*  Ann.  Soc.  ent.  France,  1903,  67,  p.  251;  Kraepelin,  Revis.  Scolop., 
1903,  p.  86;  Br6lemann,  Cat.  Myr.  Br^l,  1909,  p.  10. 

Locality, —  State  of  Amazonas:  Mandos.  (sc.  Brolemann);  Colom- 
bia; Central  America,  etc. 


Newportia  longftabsis  stlvae,  subsp.  nov. 

General  color  ochre-yeUow,  most  of  the  dorsal  plates  being  darker, 
more  reddish,  along  caudal  borders.  Head  darker,  of  a  more  ferru- 
ginous tinge.    Antennae  and  legs  yellowish. 

Head  deeply  and  regularly,  but  not  densely,  punctate.  The  paired 
submedian  sulci  pi^esent  only  as  short  impressions  at  caudal  border; 
a  short,  wider,  transverse  furrow,  in  front  of  their  anterior  ends.  A 
rather  fine  median  longitudinal  furrow  at  anterior  end. 

Antennae  composed  of  from  fifteen  to  seventeen  articles,  there 
being  in  one  type  specimen  fifteen  in  the  right  antenna  and  sixteen  iix 
the  left,  one  of  those  in  the  latter  being,  however,  of  double  length  and 
apparently  representative  of  two  normal  articles.  None  of  the  articles 
shining  or  glabrous;  but  the  hairs  of  the  first  two  distinctly  more 
sparse,  those  of  third  and  fourth  more  dense,  but  only  the  fifth  and 
subsequent  articles  fully  clothed  in  the  usual  manner. 

Prostemum  with  anterior  margin  neariy  straight,  being  a  little  more 
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elevated  at  each  ectal  end  than  at  middle  where  it  is  very  slightly 
notched;  edge  well  chitinized  but  without  true  dental  plates.  Sub- 
sparsely  punctate. 

Cervical  furrow  of  first  dorsal  plate  strictly  semicircular,  distinctly 
exposed  excepting  laterally.  Two  median  longitudinal  sulci  distinct; 
parallel  excepting  toward  anterior  ends  where  they  diverge  somewhat 
and  finally  meet  the  transverse  sulcus;  not  at  all  branched  anteriorly; 
but  near  caudal  end  each  is  joined  by  a  strictly  transverse  sulcus 
which  extends  out  toward  lateral  margin.  Plate  semicircularly 
depressed  transversely  in  middle  region  near  cervical  sulcus  (Plate  2, 
fig.  1).  Second  dorsal  plate  with  paired  sulci  extending  entirely 
across  length;  converging  cephalad  and  near  anterior  end  united  with 
a  network  of  very  fine  anastomozing  transverse  lines  or  sulci  (Plate  2, 
fig.  1).  Other  dorsal  plates  to  and  including  the  twenty-second  with 
two  distinct  and  subparallel  longitudinal  sulci  across  entire  length. 
The  third  plate  with  a  fine  but  distinct  straight  sulcus  running  from 
anterior  end  of  each  longitudinal  sulcus  obliquely  caudoectad  to  the 
lateral  margin  (Plate  2,  fig.  1).  Plates  from  the  fifth  to  the  twenty- 
second  inclusive  with  a  longitudinal  furrow  between  each  longitudinal 
submedian  sulcus  and  the  lateral  margin.  Last  dorsal  plate  without 
a  median  longitudinal  furrow.  Caudally  bowed  out,  with  the  ex- 
tended mesal  portion  truncate. 

Ventral  plates  with  the  usual  median  longitudinal  furrow  joining 
the  distinct  transverse  sulcus  across  the  caudal  portion  of  plate  but 
not  extending  across  the  anterior  portion.  Also  with  a  dbtinct 
abbreviated  longitudinal  sulcus  on  each  side  convergent  with  lateral 
margin.  Plates  sparsely  punctate.  Last  ventral  plate  considerably 
narrowed  caudad.  Caudal  margin  moderately  incurved  at  middle. 
Wider  than  long  in  about  ratio  34: 29. 

Spiracles  moderately  large;  mostly  narrower  ventrad,  roundly 
subtriangular. 

Coxopleurae  of  twenty-third  segment  with  caudal  processes  rather 
short,  ending  in  a  single  spine-pore  area  extensive. 

Tarsi  of  anterior  legs  not  distinctly  divided.  Legs  clothed  sparsely 
with  stiff  bristles,  but  with  no  spinules.  Tibiae  of  anterior  pairs 
armed  laterally  at  distal  end  with  a  stout  spine.  Prefemur  of  anal 
legs  armed  ventrally  with  a  row  of  four  stout  spines  which  increase 
regularly  in  size  distad;  on  mesal  surface  with  about  four  irregular 
series  of  small  bristles  and  with  a  similar  series  on  dorsal  side  near 
mesal  edge  and  also  similar  series  over  ectal  surface,  also  a  few  scat- 
tered longer  bristles  present,  but  no  true  spinules  present.    Femur 
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with  a  stout  spine  on  mesal  surface  near  the  proximal  end  and  toward 
the  ventral  surface;  otherwise  unarmed.  Other  joints,  so  far  as  as- 
certainable from  types,  bearing  rather  scattered  and  short  hairs, 
excepting  the  tarsi  on  whidi  they  are  longer  and  more  dense.  Tibia 
broadly  constricted  toward  each  end.  First  article  of  tarsus  a  little 
more  than  half  as  long  as  the  tibia  (ratio  cir.  17: 30);  of  same  thick- 
ness as  the  immediately  succeeding  articles;  the  latter  distinct  and 
clearly  separated  from  each  other.     (Plate  2,  fig.  2). 

Length  cir.  36  mm. 

Localities, —  State  of  Matto  Grosso:  Madeira-Mamore  R.  R. 
camps  39  and  41  on  the  Rio  Madeira!  (W.  M.  Mann).  One  speci- 
men from  each  locality. 

Newportia  COLLARI8  Kracpclin. 
Revis.  Scolop.  1903,  p.  90. 

Localities, —  State  of  Par6:  Parfi,  suburb  of  Souza!  (Mann  and 
Baker);   State  of  Amazonas:  Lower  Carsevenne,  Brazilian  Guiana. 

This  second  locality  is  the  type  locality  and  the  two  are  the  only 
ones  recorded  for  the  species. 

Newportia  bicegoi  Brolemann. 

Rev.  Museu  Paulista,  1903,  6,  p.  67,  pi.  I,  fig.  1;  Kraepelin,  Revis.  Scolop., 
1903,  p.  93. 

Locality. —  State  of  Amazonas :  Man£os. 

Otostiqmidae. 

This  tropical  and  subtropical  family  is  known  from  Australia,  Asia, 
Africa,  and  the  warmer  parts  of  America.  It  is  represented  in  the 
known  fauna  of  Brazil  by  two  genera,  Otostigmus,  the  large  typical 
genus,  and  Trematophycus. 

Otostigmus  Porat. 

Bih.  Svensk.  vet.  akad.  Hand!.,  1876, 4,  no.  7,  p.  18;  Meinert,  Vid.  Medd.  nat. 
foren.  Kj^benhavn,  1884,  p.  118;  Proc.  Amer.  philos.  soc,  1886,  23, 
p.  183;  Pocock,  Biol.  Centr.  Amer.  ChUopoda,  1896,  p.  25;  Kraepelin, 
Revi9.  Scolop.,  1903,  p.  97;  Verhoeff,  Bronn's  Thierreich,  1907,  5,  p.  254, 
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Brandnotrema  Kohlrausch,  Joum.  Mus.  Godef.,  1878,  p.  70;  Arohiv.  naturg., 

1881,  47,  1,  p.  70. 
ParotosHgma  Pocock,  Biol.  Centr.  Amer.  Ghilopoda,  1895,  p.  25. 

Of  this  genus  nine  species  are  at  present  known  from  Brazil,  five 
of  these  being  here  described  as  new. 


Key  to  Species. 

a.    Tarsal  spines  wholly  absent  or,  rarely,  a  few  of  the  legs  with  a 

much  reduced  spine 0.  limbatus  (Meinert). 

na.    Tarsal  spines  present  and  distinct. 

b.     Dorsal  plates  of  caudal  half  of  body  distinctly  scabrous, 

bearing  rows  of  fine  elevated  spinous  points. 

c.    Last  ventral  plate  without  distinct  median  sulcus;   only 

the  two  proximal  articles  of  the  antennae  glabrous;  with 

five  rather  small  keels  or  keel-like  elevated  lines  on  dorsal 

plates  of  caudal  portion  of  the  body. . .  0,  casuSy  sp.  nov. 

cc.     Last  ventral  plate  with  a  distinct  median  longitudinal 

sulcus;    two  and  a  fourth  or  two  and  a  half  proximal 

articles  of  antennae  glabrous;  only  a  single,  flat,  median 

keel  present  on  dorsal  plates. 

d.  Twentieth  legs  without  a  tarsal  spine;  only  one  tooth 
on  each  dental  plate  distinct,  the  others  being  com- 
pletely fused;  head  and  first  dorsal  plate  abruptly 
different  in  color  from  the  other  plates,  brownish. 

0.  reXf  sp.  nov. 

dd.     Twentieth  legs  with  a  tarsal  spine;  each  dental  plate 

with  four  distinct  teeth;   head  and  first  dorsal  plate 

not  abruptly  different  in  color  from  the  other  plates, 

olivaceous 0.  8cabricaudus  Humbert  et  Saussure. 

bb.     All  dorsal  plates  smooth,  those  of  the  caudal  half  of  the  body 
not  distinctly  scabrous. 

c.     First  eighteen  or  nineteen  pairs  of  legs  with  two  tarsal 
spines. 

d.  First  eighteen  pairs  of  legs  with  two  tarsal  spines; 
twentieth  legs  with  a  tarsal  spine;  dorsal  plates  with 
a  conspicuously  elevated  double  keel  each  side  of 
middle,  the  dorsal  sulcus  of  each  side  lying  between 
the  halves  of  this  keel 0.  tidius,  sp.  nov. 


Digitized  by 


Google 


172  bulletin:  museum  of  comparative  zoology. 

dd.  First  nineteen  pairs  of  legs  with  two  tarsal  spines; 
twentieth  legs  with  no  tarsal  spine;  dorsal  plates 
without  such  conspicuous  keels  or  ridges. 

0.  goddi  Brolemann. 

cc.    Legs  of  only  the  first  two  to  the  first  six  pairs  with  two 

tarsal  spines  or  all  with  but  a  single  tarsal  spine. 

d.    Last  dorsal  plate  in  the  male  ending  in  a  process  as 

long  as  the  plate  proper,  in  the  female  caudally  acutely 

angular  or  at  least  rectangular;  ventral  plates  wholly 

without  furrows  or  pits 0,  caudatus  Br5lemann. 

dd.  'Last  dorsal  plate  in  both  sexes  simply  bowed  out 
caudad,  not  acutely  angular;  ventral  plates  with 
distinct  depressions  or  pits. 

e.  Ventral  plates  from  the  second  to  the  twaitieth 
with  distinct  sulci  reaching  to  beginning  of  caudal 
third  or  fourth  of  length;  first  six  pairs  of  legs  with 
two  tarsal  spines;    only  the.  first  two  articles  of 

antennae  glabrous 0.  amazonae,  sp.  nov. 

ee.  Sulci  of  ventral  plates  indicated  only  as  short 
traces  at  the  anterior  border;  only  the  first  two 
pairs  of  legs  with  two  tarsal  spines;  first  three 
articles  of  antennae  glabrous. 

0.  tibialis  Brolemann. 

Otostigmus  limbatus  Meinert. 

Vid.  Medd.  nat.  foren.  Ki0behavn,  1884,  p.  120;  Karsch,  Beri.  ent.  zeitschr.,^ 
1888,  32,  p.  31;  Silvcstri,  Ann.  Mus.  civ.  stor.  nat.  Geneva,  1895,  eer.  2» 
14,  p.  766;  Boll.  Mus.  zool.  anat.  comp.  R.  univ.  Torino,  1895, 10,  p.  23; 
Brdlemann,  Rev.  Museu  Paulista,  1901, 5,  p.  37;  Kraepelin,  Revis.  S<»>lop., 
1903,  p.  130;  Cat.  Myr.  Br^sU,  1909,  p.  13. 

Localities. —  "Brazil"  (sec.  Meinert;  spec.  Mus.  0>penhagen); 
State  of  Sao  Paulo:  Alto  da  Serra,  Santos. 

This  species  is  also  known  from  Paraguay,  from  where  two  o«f 
Meinert's  typical  specimens  came,  and  from  Argentina  (Buenos  Aires). 


Otostigmus  amazonae,  sp.  nov. 

Bluish  green  to  olive-brown;  with  a  fine  median  longitudinal  pale 
line.    Head  distinctly  darker,  deeper  green.    Antennae  bluish  greexL 
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proximally,  paler  distad.  Legs  more  pigmented  distally  than  proxi- 
mally;  the  posterior  pairs  green  or  bluish  green  excepting  toward 
base. 

dead  shining;  punctae  weak  and  more  or  less  scattered.  The 
usual  two  longitudinal  furrows  of  the  caudal  portion,  these  being 
shallow. 

Antennae  composed  of  seventeen  articles  of  which  only  the  first 
two  are  glabrous. 

Pixwtemal  teeth  4-4  of  which  the  outermost  on  each  side  is  more 
remote  and  is  separated  by  a  deeper  interval  than  the  others  are  from 
each  other;  innermost  tooth  on  each  side  smallest,*  the  two  inter- 
mediate ones  of  nearly  equal  size. 

Dorsal  plates  from  the  fourth  segment  on  distinctly  bisulcate. 
Only  the  twenty-first  plate  truly  margined  but  the  others  of  the 
posterior  half  of  the  body  especially,  with  submarginal  longitudinal 
furrows  or  depressions  which  simulate  true  margination.  Plates, 
wholly  smooth  and  with  no  indication  on  any  of  a  median  keel.  Last 
plate  more  or  less  angularly  produced,  the  margin  bent  in  on  each  side 
of  the  middle  (Plate  3,  fig.  2) ;  with  no  developed  sulci  or  pits,  the 
plate  somewhat  longitudinally  elevated  along  the  median  line  and 
faintly  depressed  or  furrowed  along  the  middle  of  this. 

Ventral  plates  from  second  to  twentieth  with  two  longitudinal  sulci 
extending  to  caudal  third  or  fourth  of  length  where  each  at  its  end  is 
more  deeply  impressed.  A  short  pit-like,  median,  depression  in  front 
of  the  caudal  margin  and  a  less  pronounced  median  depression  farther 
cephalad.  Last  ventral  plate  convex.  Strongly  narrowed  caudad; 
caudal  margin  mesally  excised.  With  a  weak  median  sulcus  and  also 
on  each  side  a  faint  fine  sulcus  from  anterior  margin  to  near  middle 
(Plate  3,  fig.  1). 

Coxopleurae  not  produced,  being  caudally  simply  rounded;  un- 
armed. 

First  six  pairs  of  legs  with  two  tarsal  spines;  the  seventh  to  nine- 
teenth with  one ;  twentieth  legs  with  none.  Anal  legs  wholly  unspined, 
being  smooth  throughout. 

Length  23  and  32  nun. 

Locality, —  State  of  Amazonas:  Man£os!    (Mann  and  Baker). 

Two  specimens  were  secured. 

This  species  seems  to  be  related  to  0.  limbatus  Meinert,  but  is  very 
easily  separated  through  the  differences  in  the  spining  of  the  tarsi  as 
indicated  in  the  key. 
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OrosnGMUS  suirus,  sp.  nov. 

Color  olive-green  with  some  of  the  dorsal  plates  appearing  darker 
along  the  caudal  margin.  Antennae  more  brownish  excepting  at 
base. 

Head  dbtinctly  punctate.  Maiked  in  front  of  caudal  margin  with 
two  short  longitudinal  furrows. 

Antennae  seventeen  j<»nted.^  First  two  or  two  and  a  half  articles 
glabrous  (the  third  in  type  partially  rubbed  so  that  precise  extent  of 
glabrous  conditi<m  is  uncertain);  oth^  articles  clothed  densely  with 
the  usual  short  brown  haiis. 

Dorsal  (dates  from  the  fourth,  indusive,  caudad  with  two  distinct 
median  sulci;  a  longitudinal  depression  or  furrow  on  each  side,  but 
true  margination  present  only  on  the  twenty-first  j>late,  plates  mostly 
depressed  between  median  sulci  and  with  a  weakly  developed  median 
keel  indicated  on  (dates  from  the  third  caudad;  the  siurface  and  edges 
of  plates  wholly  smooth.  Last  dorsal  plate  with  posterior  margin 
bowed  moderately  caudad.  A  median  pit-like  depression  in  front  of 
caudal  margin  and  a  ked  in  front  of  this  as  on  the  other  plates. 
(Hate  S,  fig.  4). 

Prostemum  with  4-1-4  teeth  of  which  the  second  from  the  mesal 
incision  on  each  side  is  the  largest,  the  third  being  next. 

Ventral  plates  without  a  trace  of  longitudinal  sulci.  Each  with  three 
distinct,  pit-like,  or  more  or  less  longitudinal,  impressions  arranged 
in  a  triangle  with  the  apex  cephalad,  and  with  three  short  longitudinal 
impressions  in  a  transverse  row  in  front  of  the  caudal  margin.  Last 
\'entral  plate  strongly  narrowed  caudad.  Truncate  caudad  with  the 
comers  a  little  rounded.  Impressed  with  a  distinct  median  longi- 
tudinal furrow.     (Plate  3,  fig.  3). 

Coxopleurae  of  last  legs  without  any  true  process,  being  a  little 
roundly  extendeil  caudad;  \s-ithout  any  spines. 

Length  cir.  55  mm. 

Ijocality. —  State  of  Matto  Grosso:  Madeira-Mamore  R.  R.  camp 
41,  on  the  Rio  Madeiral     (,W.  M.  Mann). 

One  specimen  was  secured. 


i  On  one  side  of  type  specimen  there  are  but  thirteen  articles  in  the  antenna,  this 
being  due.  apparently,  to  breaking  off  of  the  antenna  with  subsequent  regeneration 
of  tbe  distal  article. 
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Otostigmus  tidius,  sp.  nov. 

Brown,  of  more  or  less  ferruginous  tinge  caudad  and  also  being 
darker  cephalad;  plates  mostly  darker  along  caudal  edges.  Antennae 
very  dark. 

Head  finely  densely  punctate.  With  no  true  sulci;  but  on  the 
anterior  portion  an  unusually  deep  median  longitudinal  furrow  and 
also  a  similar  one  caudad  of  the  middle  with  on  each  side  of  the  latter 
a  short,  more  shallow,  furrow  diverging  from  it  cephalad. 

Antennae  composed  of  seventeen  articles  of  which  the  first  two  are 
glabrous. 

Prostemal  teeth  4+4;  the  three  innermost  on  each  side  nearly  on 
a  level  and  about  equal  in  size,  but  the  most  ectal  one  situated  more 
proximad,  being  at  about  the  middle  of  lateral  edge  of  dental  plate. 
Process  of  first  joint  of  prehensors  notched  or  toothed  on  mesal  side 
below  apex.     (Plate  2,  fig.  6). 

All  dorsal  plates  with  a  distinct  median  longitudinal  furrow,  on 
each  side  of  which,  in  most  of  the  plates,  there  is  a  double  longitudinal 
ridge  between  the  two  edges  or  keels  of  which  lies  the  longitudinal 
sulcus  of  the  corresponding  side.  Ectad  of  this  double  keel  there 
is  a  much  lower,  often  indistinct,  keel.  Plates  longitudinally  deeply 
fluted  or  furrowed  along  each  lateral  nargin,  producing  the  appearance 
of  margination;  but  only  the  twenty-first  plate  truly  margined.  The 
keels  are  not  well  indicated  on  the  first  three  or  four  plates.  The 
median  sulci  are  distinct  from  the  fourth  or  fifth  plates  caudad.  Last 
plate  with  caudal  edge  moderately  bowed  caudad.  The  median 
furrow  distinct.  An  elevation  or  ridge  each  side  of  the  middle  divided 
by  a  weak  furrow  corresponding  to  that  on  the  more  anterior  plates. 
(Plate  2,  fig.  7). 

Ventral  plates  with  indications  of  the  longitudinal  sulci  over  the 
anterior  portion,  but  the  traces  very  short.  Without  any  distinct 
pits  or  similar  depressions.  Last  ventral  plate  strongly  narrowed 
caudad.  Caudally  convexly  rounded,  not  at  aU  mesally  incurved. 
A  rather  fine  median  longitudinal  furrow  present.     (Plate  2,  fig.  8). 

Coxopleurae  without  true  processes;  but  a  little  extended  caudad, 
the  comer  being  well  rounded. 

The  first  to  the  eighteenth  pairs  of  legs  with  two  tarsal  spines,  but 
the  lateral  spine  on  the  eighteenth  minute  and  that  of  the  seven- 
teenth intermediate  in  size.  Nineteenth  and  twentieth  legs  with  but 
a  single  tarsal  spine. 
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Length  cir.  14.5  mm. 

Locality. —  State  of  Amazonas:  Man&osl  (Maim  and  Baker). 
One  specimen. 

OrosTiGBfus  BEX,  sp.  nov. 

Dorsum,  excepting  the  first  plate,  dark  olive,  the  plates  somewhat 
paler  along  the  caudal  borders.  Head  and  first  dorsal  plate  conspicu- 
ously and  abruptly  different  in  color,  being  dear  brown  or  somewhat 
testaceous,  the  head  darker  in  middle  region  and  in  a  narrow  band 
running  ecto-caudad  on  each  side.  Antennae  and  anal  legs  conspicu- 
ously rosaceous  in  color,  the  pairs  of  legs  immediately  preceding  the 
last  more  weakly  tinged  with  this  color;  other  legs  very  pale  clear 
brownish,  weakly  tinged  with  greenish.  Prostemum  clear  brown. 
Venter  similar  to  legs,  darkest  anteriorly. 

Cephalic  plate  punctate  the  punctae  very  fine  and  rather  weak. 

Antennae  composed  of  seventeen  articles  of  which  the  first  two  and 
a  half  are  glabrous  and  shining. 

Prostemum  with  each  dental  plate  bearing  a  distinctly  separated 
tooth  at  each  ectal  end;  but  with  the  other  teeth  thoroughly  fused 
into  a  continuous  plate  with  no  or  but  obscure  traces  of  the  separate 
ones.  The  longitudinal  sulcus  between  the  two  plates  of  moderate 
depth. 

Dorsal  plates  from  the  sixth  on  with  very  fine  paired  longitudinal 
sulci  extending  entire  length  of  plate.  From  the  third  plate  caudad 
there  are  longitudinal  depressions  mesad  of  each  lateral  margin  which 
become  deeper  in  caudal  region  and  thus  more  sharply  separating  off 
the  edge  or  simulating  margination.  From  the  third  plate  caudad  a 
flat  median  keel  is  indicated,  this  on  the  anterior  plates  being  obscure 
but  posteriorly  becoming  more  distinctly  set  off  by  the  deepening  of 
the  limiting  furrows  on  each  side  of  it.  Plates,  especially  the  more 
caudal  ones,  rugose  in  the  lateral  depressions,  the  anterior  ones  other- 
wise smooth;  but  the  posterior  plates,  and  especially  the  last  five  or 
six,  while  appearing  to  the  naked  eye  rather  smooth,  under  the  lens 
are  seen  to  be  finely  scabrous,  bearing  over  the  entire  surface,  including 
edges  and  keel,  rows  of  small,  elevated,  spinous  points.  Last  dorsal 
plate  bowed  out  caudad,  the  extended  portion  convexly  rounded.  In 
front  of  mesal  portion  of  caudal  edge  a  conspicuous  and  deep,  pit-like, 
depression  from  the  anterior  edge  of  which  a  median  keel  runs  cephalad 
across  the  plate;  surface  finely  scabrous  as  on  the  other  plates. 

Ventral  plates  without  longitudinal  sulci.    From  the  third  or,  more 


Digitized  by 


Google 


chambebun:  teee  chilopoda  of  bbazil.  177 

indistinctly,  the  second  to  the  twentieth  plate  with  three  pits,  mostly 
deep  and  distinct,  arranged  in  the  form  of  a  triangle  with  the  median 
one  cephalad,  the  three  more  or  less  clearly  connected  by  more  shallow 
depressions  giving  sometimes  the  appearance  of  a  single  V-  or  U- 
shaped  impression.  In  addition  there  is  a  transverse  row  of  three 
pit-like  depressions  in  front  of  the  caudal  margin  as  in  various  related 
species,  these  pits  on  some  of  the  more  caudal  plates  lying  in  a  more  or 
less  distinct  transverse  furrow.  Last  ventral  plate  long;  conspicu- 
ously narrowed  caudad;  truncate  or  slightly  inbent  at  the  middle.  A 
distinct  longitudinal  median  sulcus  across  the  entire  length. 

Coxopleurae  very  slightly  extended  at  mesocaudal  comers,  where 
they  are  wholly  unarmed. 

First  legs  with  two  tarsal  spines.  Second  to  nineteenth  pairs  of 
legs  with  a  single  tarsal  spine;  twentieth  pair  with  no  tarsal  spine. 
Anal  legs  of  moderate  length.  Prefemur  clavately  widening  from 
base  distad.    Wholly  smooth. 

Length  cir.  78  nun. 

Locality. —  State  of  Matto  Grosso:  Madeira-Mamore  R.  R.  camp, 
39,  on  the  Bio  Madeira  I    (Mann  and  Baker). 

One  specimen. 

This  species  lies  in  the  group  of  forms  closely  allied  with  scabri^ 
caudus  in  which  the  females  are  not  easily  distinguishable.  The 
coloration  of  the  present  species  is  of  a  characteristic  type  similar  to 
that  of  some  Soolopendras  and  also  present  in  0.  caudattuf  and  in 
several  African  species  of  this  genus;  in  these  forms  the  head  and 
first  dorsal  plate  being  abruptly  and  conspicuously  different  in  color 
from  the  rest  of  the  dorsum.  The  species  also  differs  from  scabncofUr 
du8  in  being  less  strongly  scabrous,  in  having  no  tarsal  spine  on  the 
twentieth  legs,  in  having  a  larger  proportion  of  the  third  antennal 
article  glabrous,  and  in  having  all  the  teeth  excepting  the  most  ectal 
on  each  side  of  the  prostemum  thoroughly  fused  together.  The  type 
is  larger  than  the  maximum  measurement  recorded  for  scabricaudvs 
(70  mm.). 

Otostigmus  casus,  sp.  nov. 

Olive-green  in  color  above,  brighter  along  the  caudal  margins  of 
plates.  Head  more  brown.  Antennae  brown  of  greenish  caste, 
the  first  two  articles  clearer  green.  Legs  pale  brown  of  dilute  greenish 
tinge.  Venter  lighter  olive,  the  last  ventral  plate  and  the  coxo- 
pleurae more  brownish.    Prostemum  light  greenish  brown. 
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Head  subdensely  punctate,  the  punctae  being  moderately  fine  and 
not  sharply  impressed  or  limited. 

Antennae  composed  of  seventeen  articles  of  which  the  first  two  are 
glabrous  and  shining,  the  others  being  densely  pubescent  as  usual. 

Dorsal  plates  from  the  fifth  to  the  twentieth  with  the  two  longi- 
tudinal sulci  present  and  complete;  fine.  Lateral  portions  of  plate 
from  the  fifth  caudad  depressed  leaving  the  lateral  margin  distinctly 
elevated,  especially  in  the  middle  and  caudal  regions,  but  true  margina- 
tion  present  only  on  the  twenty-first  plate.  The  depressed  lateral 
portion  of  the  plate  rugose,  the  main  rugae  being  longitudinal.  The 
elevated  margins,  the  rugae,  and,  less  extensively,  the  intermediate 
surface,  roughened  with  series  of  numerous  spinulose  points.  From 
the  fifth  or  sixth  plates  on  a  median  longitudinal  keel  is  indicated^ 
this  being  at  first  obscure  but  becoming  more  and  more  distinct 
caudad,  while  at  the  same  time  on  each  side  of  it  and  just  mesad  of 
the  sulcus  appears  another  keel,  the  three  keek  being  distinct  on  the 
caudal  segments;  the  keels  are  scabrous  like  the  lateral  portions  of 
the  plates.  Last  dorsal  plate  with  the  posterior  edge  moderately 
bowed  out  caudad  and  mesally  truncate.  With  three  longitudinal 
keels  corresponding  to  those  of  the  other  plates  extending  from  the 
anterior  margin  caudad  two  thirds  the  length  of  the  plate,  the  plate 
caudad  of  their  ends  having  a  shallow  pit-like  depression.  Keels  and 
general  surface  scabrous. 

Sulci  of  ventral  plates  detectable  only  as  very  short  traces  at  the 
anterior  border  of  each.  With  three  pit-like  depressions  arranged  in 
a  triangle  as  usual,  these  being  of  but  moderate  depth  and  size  and  not 
coalesced.  In  addition  there  are  three  other  depressions  along  the 
caudal  border  separated  from  those  of  the  triangle  by  a  distinct  trans- 
verse sulcus.  On  some  of  the  more  caudal  plates  the  anterior  median 
pit  may  be  extended  a  considerable  distance  caudad  as  a  median 
furrow.  Last  ventral  plate  conspicuously  narrowed  caudad,  the  sides 
being  convex  at  anterior  ends  but  straight  for  most  of  their  length. 
Caudal  margin  with  lateral  halves  straight  and  meeting  in  the  middle 
in  a  slightly  reentrant  angle.     No  distinct  median  sulcus  present 

Coxopleurae  a  little  extended  caudad  at  caudomesal  comers  which 
are  simply  rounded,  no  distinct  process  being  developed,  wholly 
unarmed. 

Only  the  first  pair  of  legs  with  two  tarsal  spines.  Second  to  eigh- 
teenth pairs  with  a  single  tarsal  spine.  Nineteenth  to  twenty-first 
pairs  unknown,  being  absent  from  the  only  specimen  known. 

Length  57  mm. 
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Locality, —  State  of  Matto  Grosso:  Madeira-Mamore  R.  R.  camp 
39,  on  the  Rio  Madeira!    (W.  M.  Mann). 
One  specimen. 


Otostigmus  goeldi  Brolemann. 

Ann.  Soc.  ent.  France,  1898,  67,  p.  249,  pi.  20,  fig.  2;  Kraepelin  Revis.  Scolop., 
1903,  p.  128;  Brolemann,  Cat.  Myr.  Br6sil,  1909,  p.  12. 

Loccdity, —  State  of  Para:  Para  (sec.  Brolemann). 


Otostigmus  scabmcaudus  (Humbert  and  Saussure). 

Branckiostoma  scabricaitda  Humbert  et  Saussure,  Rev.  mag.  zooL,  1870,  p.  203; 

Saussure  et  Humbert,  fitudes  Myr.,  1872,  p.  121,  pi.  2.  fig.  15,  etc.; 

Kohlrausch,  Archiv.  natiu^.,  1881,  47,  1,  p.  75. 
Otostigmus  appendioikUus  Porat,  Bib.  Svensk.  vet.  akad.  Hand!.,  1876,  4, 

p.  23. 
Otastigma  hrasiliense  Meinert,  Vid.  Medd.  nat.  foren,  Kjf^benhavn,  1884,  p.  119. 
Otostigmus  hrasiliensis  Karsch,  Berl.  ent.  zeitschr.,  1888,  p.  31. 
Otostigmus  scabricaudus  Pocock,  Ann.  mag.  nat.  hist.,  1890,  ser.  6,  6,  p.  142, 

Brdlemann,  Mem.  Soc.  zool.  France,  1900, 13,  p.  96;  Rev.  Museu  Paulista, 

1901,  6,  p.  40;  Kraepelin,  Revis.  Scolop.,  1903,  p.  126,  fig.  61;  Brdlemann, 

Cat.  Myr.  Br^sil,  1909,  p.  13. 

Localities. —  State  of  Bahia:  Bahia;  State  of  Minas  Geraes; 
State  of  Rio  de  Janeiro:  Rio  de  Janeiro  (type  locality),  Rio  Espirito 
Santo;  State  of  Sao  Paulo:  Alto  da  Serra,  Piquete. 


Otostigmus  caudatus  Brolemann. 

Rev.  Mus.  Paulista,  1901,  6,  p.  39,  pi.  1,  fig.  1-3;  Kraepelin  Revis.  Scolop., 
1903,  p.  132,  fig.  71,  72;  Br6lemann,  Cat.  Myr.  Br^sil,  1909,  p.  12. 

Localitiea. —  State  of  Sao  Paulo:  Sao  Paulo,  Bel^m,  Alto  da  Serra, 
Itapetininga. 
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Otostigmus  tibiaus  Brdlemann. 

Rev.  Mus.  Paulista,  1901,  6,  p.  39.  fig.  4, 5. 

Otostigmus  caudatus  tibialis  Kraepelin,  Revis.  Scoiop..  1903,  p.  132,  fig.  73.  74. 

0to8Hi;mus  caudatus  Brdlemann.  Cat.  Myr.  Br^il,  1909,  p.  13. 

Localities, —  State  of  Sao  Paulo :  Sao  Paulo,  Piquete,  Alto  da  S^rra, 
Santos;  State  of  Parana. 

Trematophycus  Peters. 

Reise  Mosambique,  1862,  6,  p.  519. 

Branchiostoma  Newport  {nam.  preocc.)  Trans.  Linn.  soc.  London,  1844,  19, 

p.  411;  Meinert,  Proc.  Amer.  philos.  soc.,  1886,  28,  p.  182. 
Ptychotrema  Peters  {nam.  preocc.),  Monatsb.  Berl.  akad.,  1855,  p.  82. 
Rhysida  Wood,  Joum.  Acad.  nat.  sci.  Phil.,  1862,  ser.  2,  6,  p.  40;  Pooock.  Ann. 

mag.  nat.  hist.,  1891.  ser.  6,  7,  p.  58;  Kraepelin  Revis.  Soolop.,  1903,  p. 

139;  Verhoeff,  Bronn's  Thierreich,  1907,  6,  p.  57. 
Bthmophora  Pooock,  Ann.  mag.  nat.  hist.,  1891,  ser.  6,  7,  p.  58. 

Of  this  genus  three  species  are  at  present  known  from  Brazil,  and  a 
fourth  is  practically  certain  to  occur  there  and  is  accordingly  intro- 
duced into  the  following  key.  ' 

Key  to  Species. 

a.    At  least  some  of  the  dorsal  plates  with  the  paired  submedian 
sulci  crossing  entire  length  of  plate. 

b.    Only  the  twenty-first  dorsal  plate  margined;   prefemur  of 
anal  leg  with  one  (or  two)  ventral  spines. 

T.  nudus  (Newport), 
bb.    Some  of  the  dorsal  plates  cephalad  of  the  twenty-first  also 
distinctly  margined. 

c.    Prefemur  of  the  anal  legs  wholly  unarmed;    process  of 

coxopleurae  short,  subtriangular,  without  lateral  spines. 

T.  ceteris  (Humbert  and  Saussure). 

CO.    Prefemur  of  anal  legs  armed  with  eight  to  thirteen  spines; 

process  of  anal  coxopleurae  long,  with  one  or  two  lateral 

spines  in  addition  to  the  terminal  ones. 

T,  longipes  (Newport), 
aa.    None  of  the  dorsal  plates  with  sulci  crossing  its  entire  length, 
these  appearing  at  most  as  short  traces  at  ends  of  plates. 
Prefemur  of  anal  legs  wholly  unspined. 

T.  brasiliensis  (Kraepelin). 
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Trematophycus  nudus  (Newport). 

Branckiostama  nudum  Newport,  Trans.  Linn.  soc.  London,  1844,  19,  p.  412. 
Branchiostoma  gymnopus  Kohlrausch,  Arch,  naturg.,  1881,  47,  p.  67. 
Branchioatoma  gymnopus  ceylonicum  Haase,  Abhandl.  Mus.  Dresden,  1887,  6, 

p.   86. 
Rhysida  immargincUa  var.  Pocock,  Biol.  Centr.  Amer.  Chilopoda,  1896,  p.  26. 
Rhysida  nuda  Kraepelin,  Rcvis.  Scolop.,  1903,  p.  144. 

Locality. —  While  not  specifically  recorded  from  Brazil,  it  is  dis- 
tributed widely  in  Mexico  and  Central  America  as  well  as  in  Paraguay, 
so  that  its  occurrence  in  Brazil  is  practically  certain. 


Trematophycus  longipes  (Newport). 

Branckiostama  longipes  Newport,  Trans.  Linn.  soc.  London,  1844,  19,  p.  411; 

Haase,  Abhandl.  Mus.  Dresden,  1887,  6,  p.  84. 
Branckiostama  obsoUium  Porat.  Bih.  Svensk.  vet.  akad.  Handl.,  1876,  4,  no. 

7,  p.  25. 
Branckiostama  gracile  Kohlrausch,  Archiv  naturg.,  1881,  47,  1>  p.  66. 
Branckiostama  affine  Kohlrausch,  Ibid.,  p.  67. 
Branckiostama  longipes  rotundatum  Haase,  loc.  cil. 
Rkysida  longipes  Pocock,  Biol.  Centr.  Amer.  Chilopoda,  1896,  p.  27;  Kraepelin, 

Revis.  Scolop.,  1903,  p.  148,  fig.  91;  Brolemann,  Cat.  Myr.  Br^sil,  1909, 

p.  14. 

Localities  — "BraziV'  (M.  C.  Z.  coll.;  also  W.  M.  Mann,  without 
precise  locality) ;  State  of  Bahia. 


Trematophycus  celeris  (Humbert  and  Saussure). 

Branckiostama  celer  Humbert  et  Saussure,  Rev.  mag.  zool.,  1876,  ser.  2,  22, 
p.  202;  Kohlrausch,  Arch,  naturg.,  1881,  47,  1,  p.  69,  Meinert,  Proc. 
Amer.  philos.  soc,  1886, 23,  p.  183. 

Rhysida  celeris  Silvestri,  Mus.  zool.  anat.  comp.  R.  univ.  Torino,  1895,  10, 
p.  23;  Pocock,  Biol.  Centr.  Amer.  Chilopoda,  1896,  p.  27;  Kraepelin, 
Revis.  Scolop.,  1903,  p.  149;  Brolemann,  Cat.  Myr.  Br^sil,  1909,  p.  14. 

Localiiies. —  State  of  Matto  Grosso :  Madeira-Mamore  R.  R.  camp 
39,  on  the  Rio  Madeira!,  Abund,  Bolivia  I  (W.  M.  Mann);  State 
of  Rio  Grande  do  Norte:  Ceard-Mirim!  (Mann  and  Heath.  The 
specimen  from  this  locality  variant). 
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Trematophtcus  BRASIUEN8IS  (Kraepelin). 

Rkymda  brasUiensis  Kraepelin.  Revis.  Soolop.,  1903,  p.  152,  fig.  95, 96. 

Localities. —  State  of  Minas  Geraes;  State  of  Rio  de  Janeiro:  Rio 
Espirito  Santo. 

SCOLOPENDRIDAE. 

Of  this  family  the  genera  Scolopendropsis,  Cupipes,  Cormocephalus 
(probably  introduced) »  Hemiscolopendra,  and  Soolopendra  are  known 
in  the  Brazilian  fauna. 

ScoLOPENDROPSis  Brandt. 

BuD.  8ci.  Acad,  imper.  sci.  St.  Peterburg,  1840,  7,  p.  24;   Kraepelin  Revis. 

Scolop.,  1903,  p.  179;  Verhoeff,  Bronn's  Thierreich,  1907.  6,  p.  50. 
Rhoda  Meinert,  Proc.  Amer.  philos.  soc.,  1886,  23,  p.  188. 
Pithopus  Pooock,  Ann.  mag.  nat.  hist.,  1891,  ser.  6, 7,  p.  223;  Kraepelin,  Revis. 

Scolop.,  1903,  p.  171;  Verhoeff,  Bronn's  Thierreich,  1907.  6,  p.  259. 

Two  species,  the  only  valid  ones  known,  occur  in  Brazil. 


ScoLOPENDROPSis  BAiHiENSis  Brandt. 

Bull.  sci.  Acad,  imper.  sci.  St.  Peterburg,  1840,  7,  p.  24;   Kraepelin,  Revis. 

Scolop.,  1903,  p.  171;  Brolemann,  Cat.  Myr.  Br6sil,  1909,  p.  31. 
Rhoda  thayeri  Meinert,  Proc.  Amer.  philos.  soc.,  1886,  23,  p.  188. 
Pithopus  inermis  Pocock,  Ann.  mag.  nat.  hist.,  1891,  ser.  6,  7,  p.  223,  pi.  5,  f .  5; 

Kraepelin,  Revis.  Scolop.,  1903,  p.  172. 
Scolopendropsis  thayeri  Brolemann,  Cat.  Myr.  Br6sil,  1909.  p.  32. 

Localities, —  State  of  Bahia:  Bahia,  Iguarassu  (the  type  locality  of 
incrmis  (Pocock)).  State  of  Para:  Santarem  (the  type  locality  of 
thayeri  (Mein.)). 

Kraepelin  suggests  the  identity  of  thayeri  Meinert  with  calcarahts 
Pocock;  but  an  examination  of  the  type  of  thayeri  shows  that  it  is  the 
same  as  the  inermis  of  Pocock  and  that  both  are  the  same  as  Brandt's 
hahiensis  which  has  long  priority.  Through  probable  error  twenty- 
three  pairs  of  legs  were  attributed  to  Brandt's  species,  although  the 
not  very  probable  suggestion  has  been  made  that  the  species  is  di- 
morphic, having  some  individuab  with  twenty-three  and  others  with 
twenty-one  pairs  of  legs. 


Digitized  by 


Google 


chamberun:  the  chilopoda  of  brazil.  183 


SCOLOPENDROPSIS  CALCARATUS  (PoCOCk). 

Pithopu9  calcaratua  Pocock,  Ann.  mag.  nat.  hist.,  1891,  ser.  6,  7,  p.  224,  pi.  5, 

fig.  3. 
Scolopendropis  ccdearatus  Brdlemann,  Ann.  Soc.  ent.  France,  1902,  71,  p.  651; 

Cat.  Myr.  Bi^sil.  1909,  p.  32. 

Localities, —  State  of  Bahia:  Bahia  (type  locality)  ^  Santo  Antonio 
da  Barra;  State  of  Rio  Grande  do  Norte:  Natal  1  (W.  M.  Mann). 
Cear£-Mirim  1     (Mann  and  Heath) . 


CupiPES  KoUrausch. 

Archiv.  natiirg.  1881,  47,  1,  p.  78;  Kraepelin.  Revis.  Scolop.,  1903,  p.  174; 
VerhoefF,  Bronn's  Thierreich,  1907.  6,  p.  260. 

Key  to  Species. 

a.    Femur  or  second  joint  of  anal  legs  armed  dorsally  at  distal  end 
with  two  bifid  spines,  one  on  each  side  of  the  longitudinal  furrow. 
C.  brasUiensis  Humbert  and  Saussure. 
aa.     Femur  of  anal  legs  unarmed. 

b.    Only  the  twenty-first  dorsal  plat6  distinctly  margined. 

c.    Most  legs  with  a  tarsal  spine;  last  ventral  plate  parallel 

sided,  not  narrowed  caudad C.  spinifer  Kraepelin. 

cc.    All  legs  without  tarsal  spines;  last  ventral  plate  narrowed 
caudad. 
d.    Prefemur  of  anal  legs  with  about  five  to  eleven  spines 

distributed  over  its  surface C.  ungtdaiis  Meinert. 

dd.    Prefemur  with  only  two  spines,  these  being  those  at 
dorsomesal  angle  of  distal  end. 

C.  ungtdaiis  mitis  Brolemann. 
bb.    Plates  from  seventh  to  tenth  caudad  also  margined  as  well 
as  the  twenty-first. 

c.  Coxopleura  with  a  short  but  distinct  process  at  meso- 
caudal  comer  (Plate  2,  fig.  9);  each  dental  plate  of 
prostemum  with  an  elongated  ectal  process  and  a  single 
mesal  tooth  at  base  of  this  (Plate  3,  fig.  5);  head  dis- 
tinctly longer  than  wide C  amazonae,  sp.  nov^ 

cc.  Coxopleura  with  no  such  process,  simply  rounded  at  meso- 
caudal  angle  (Plate  3,  fig.  8) ;  each  dental  plate  with  four 
subsimilar  teeth  of  the  usual  form  (Plate  3,  fig.  7) ;  head 
equal  in  length  and  breadth C.  negledus,  sp.  nov. 
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CuPiPES  BRASILIEN8I8  (Humbert  and  Saussure). 

Cormocepkalua  hranliensia  Humbert  et  Saussure,  Rev.  mag.  sool.,  1870,  ser.  2, 

22,  p.  203;  Saussure  et  Humbert,  Etude  Myr.  1872,  p.  124,  pi.  6,  fig.  17. 
Cupipes  brasUiensis  Brolemann,  Cat.  Myr.  Br6sil,  1909,  p.  8. 

Locality, —  Brazil. 

This  species  was  regarded,  doubtfuUy,  as  the  same  as  C.  ungvlaJtU 
Meinert  by  Meinert  as  well  as  by  Kraepelin.  But,  as  pointed  out  by 
Brolemann,  and  as  indicated  in  the  key  above,  the  presence  of  the 
dorsal  spines  on  the  second  joint  of  the  anal  legs  seems  clearly  to 
separate  brasiliensis  from  Meinert's  species.  At  any  rate,  until  the 
Brazilian  fauna  is  Tbetter  known,  or  specimens  of  ungulaHs  are  shown 
to  present  the  important  variation  mentioned,  it  would  be  quite 
premature  to  ignore  this  characteristic. 

CuPiPES  SPiNiFER  Kraepelin. 
Revis.  Scolop.,  1903,  p.  177,  fig.  117. 

Locality, —  State  of  Pard:  Pard  (type  locality). 

Known  from  a  single  specimen  in  the  Hamburg  Museum. 

CuPiPES  UNGULATI8  Meinert. 

Proc.  Amer.  Philos.  soc,  1886,  23,  p.  187;  Brolemann,  Rev.  Museu  Paulista, 
1903,  6,  p.  64;  Cat.  Myr.  Brdsil,  1909,  p.  9. 

Localities. —  State  of  Pemambuco:  Pemambucol  (type  locality); 
State  of  Amazonas:  Manfios  (sec.  Brolemann). 

CuPiPES  UNGULATis  MiTis  Brolemann. 
Rev.  Museu  Paulista,  1903, 6,  p.  65;  Cat.  Myr.  Br^sil,  1909,  p.  9. 

Locality, —  State  of  Amazonas:  Mandos  (type  locality). 

This  and  the  preceding  form  are  known  at  present  from  too  few 
specimens  to  be  able  properly  to  judge  of  their  precise  relationship. 
Considerable  variation  has  already  been  noted  in  the  spining  of  the 
prefemur  of  C,  ungulaiis;  and  it  may  prove  not  possible  to  segregate 
the  forms  on  the  basis  of  this  character. 
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CUPIPES  AMAZONAE,   Sp.   nOV. 

Dorsum  olive  or  olive-brown;  most  of  the  plates  of  the  middle  and 
anterior  regions  of  body  with  a  blackish  spot  or  short  stripe  at  each 
lateral  margin;  in  the  plates  of  the  median  region  also  a  dark  spot  on 
caudal  border  at  caudal  end  of  each  sulcus  or  the  two  spots  may  be 
united  as  a  transverse  band.  Head  darker,  more  brownish  and  dusky. 
Antennae  bright  green.  Prostemum  and  prehensorial  feet  clear 
brown,  the  latter  rufous  laterally  and  especially  distally  proximad  of 
the,  black  claw  proper. 

Head  clearly  longer  than  wide  (46:41).  Sides  a  little  convex  just 
behind  the  eyes  and  then  substraight  and  a  little  converging  to  the 
caudal  comers.  Finely  and  uniformly  subdensely  punctate.  The  two 
diverging  longitudinal  sulci  reaching  or  very  nearly  reaching  the 
anterior  margin,  each  terminating  in  a  transverse  sulcus  slightly 
removed  from  the  edge  of  antennal  socket  with  which  it  runs  parallel. 

Antennae  composed  of  seventeen  articles  of  which  the  first  seven 
are  glabrous  or  practically  so  and  in  this  respect  sharply  separated 
from  the  more  distal  group. 

Prostemum  with  two  sharply  defined  longitudinal  sulci  converging 
cephalad  and  uniting  at  an  angle  at  anterior  end;  these  sulci  crossed 
by  a  transverse  sulcus  which  is  branched  and  has  anastamoses  as 
shown  in  Plate  3,  fig.  5.  Dental  plate  without  tme  teeth,  but  bearing 
an  elongate  ectal  process  with  on  mesal  side  at  base  a  low,  dark,  denti- 
form elevation  (Plate  3,  fig.  5);  on  one  side  the  plate  is  malformed 
as  shown  in  the  figure,  this  probably  being  due  to  injury  with  imper- 
fect subsequent  regeneration. 

Margination  of  the  dorsal  plates  indicated  from  about  the  seventh 
caudad  but  not  very  distinctly  until  the  tenth.  Plates  with  an  obscure 
low  median  keel  defined  by  two  indistinct  longitudinal  furrows;  also 
a  vague  furrow  laterad  of  each  median  sulcus  may  be  indicated.  Last 
dorsal  plate  with  a  sharply  impressed  median  longitudinal  sulcus. 

Second  to  twentieth  ventral  plates  with  the  usual  two  longitudinal 
sulci  crossing  the  plate.  A  rather  vague  transverse  furrow  may  be 
traced  at  the  level  of  the  legs;  while  on  some  plates  indications  of  a 
very  weak  median  longitudinal  furrow  may  be  detected.  Last  ven- 
tral plate  clearly  wider  at  its  anterior  end  than  long  (2.6:2).  Sides 
strongly  converging  caudad;  plate  truncate  caudad,  the  comers  a 
little  rounded.    Without  a  median  sulcus  or  furrow.     (Plate  2,  fig.  9). 

Coxopleurae  with  a  short  but  distinct  process  at  mesocaudal  comer> 
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the  process  bearing  two  spines;  not  spined  on  coxopleural  m&rgin 
laterad  of  the  process  proper.  Porose  area  not  fully  reaching  the 
caudal  margin.     (Plate  2,  fig.  9). 

Anal  legs  with  articles  proximad  of  the  tarsus  much  thickened^ 
especially  from  side  to  side  as  usual.  Prefemur  and  especially  the 
femur  deeply  longitudinally  furrowed  dorsally  at  distal  ends.  Pre- 
femur with  a  distinct  spine  at  mesodistal  angle  on  dorsal  side;  two 
small  spines  near  upper  edge  of  mesal  surface  and  three  more  ventral, 
two  being  at  the  distal  end  ventrad  of  the  comer  spine  and  one  toward 
the  proximal  end;  in  addition  there  are  four  strictly  ventral  spines, 
two  in  each  of  two  rows.    Femur  wholly  unarmed. 

Length  cir.  43  mm. 

Locality. —  State  of  Amazonas:  Man&osI  (Mann  and  Baker). 

One  specimen. 

CupiPEs  neglectus,  sp.  nov. 

Dorsum  brown.  Head  olivaceous.  Antennae  bluish  green.  Legs 
pale. 

Head  equal  in  length  and  breadth.  Sulci  distinct,  diverging  cepha- 
lad  and  each  reaching  the  margin  at  the  eye.    Punctae  scattered. 

Antennae  composed  of  seventeen  articles.  In  the  type  the  antennae 
are  considerably  rubbed;  but  apparently  the  first  article  is  wholly 
glabrous  and  the  second  one  nearly  so,  the  third  and  fourth  with  an 
intermediate  number  of  hairs  and  the  fifth  and  subsequent  ones  with 
the  full  complement. 

Prostemum  with  two  longitudinal  submedian  sulci  which  meet  at 
an  angle  anteriorly;  not  crossed  by  any  distinct  transverse  lines. 
Dental  plates  bearing  4+4  teeth  which  are  of  normal  form  and  long 
and  acute;  the  two  intermediate  teeth  on  each  side  longest;  the  most 
ectal  tooth  situated  distinctly  more  proximad  (Plate  3,  fig.  7). 

Dorsal  plates  margined  from  the  eighth  or  ninth  segment  caudad, 
the  margination  becoming  more  and  more  distinct  in  going  toward 
the  caudal  end.  Sulci  continuous  and  very  distinct  on  all  the  plates 
excepting  the  last.  First  to  third  plates  with  a  median  longitudinal 
furrow;  the  fourth  plane;  those  from  the  fifth  caudad  with  a  low  me- 
dian longitudinal  keel  which  is  flat  and  set  off  by  two  shallow  furrows 
in  the  usual  way.  Last  dorsal  plate  with  a  sharply  impressed  median 
longitudinal  sulcus.        *^'^ 

Ventral  plates  from  the  second  to  the  twentieth  distinctly  bisulcate. 
Some  of  the  plates  showing  an  indistinct  median  depression  on  caudal 
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portion.  Last  ventral  plate  narrowed  caudad;  sides  straight;  caudal 
margin  also  straight.  A  little  wider  across  anterior  end  than  long 
(ratio  cir.  39:37).    With  a  rather  weak  median  longitudinal  sulcus. 

Coxopleurae  of  last  legs  not  at  all  produced  caudad.  Bearing  one 
or  two  closely  approximate  spines  at  mesocaudal  angle;  none  ectad  of 
thb.  Porose  area  not  reaching  caudal  margin  by  a  considerable 
distance. 

Length  of  the  two  types  26  and  55  mm.  respectively. 

Joints  of  the  anal  legs  proximad  of  the  tarsus  strongly  crassate  as 
usual.  The  first  three  joints  longitudinally  dorsally  sulcate,  the 
sulci  most  dbtinct  at  distal  ends  and  on  the  first  two  joints.  Spines 
of  prefemur  very  small  and  difficult  to  detect;  two  present  close  to- 
gether on  dorsomesal  comer  of  distal  end;  a  single  one  in  line  with 
the  preceding  two  farther  cephalad  and  three  on  the  mesal  surface 
were  detected.    First  twenty  pairs  of  legs  without  tarsal  spines. 

Locality. —  State  of  Matto  Grosso:  Madeira-Mamore  R.  R.  camp 
39,  on  the  Rio  Madeira!    (W.  M.  Mann). 

Two  specimens. 

Evidently  this  species  is  related  to  C.  impressus  (Porat);  but  it 
may  be  distinguished  in  having  the  cephalic  plate  equal  ih  length  and 
breadth  instead  of  distinctly  longer  (ratio  4:3),  by  having  the  last 
ventral  plate  with  a  median  longitudinal  furrow,  by  having  fewer 
articles  of  the  antennae  glabrous  and  these  less  abruptly  differentiated 
from  the  others,  etc. 

CoRMOCEPHALUS  Newport. 

Trans.  Linn.  see.  London,  1844. 19,  p.  275, 419;  Meinert,  Proc.  Amer.  philos. 

80C.,  1886,  28,  p.  205;  Kraepelin,  Revis.  Scolop.,  1903,  p.  184;  Verhoeff, 

Bronn's  Thierreich,  1907,  6.  p.  262. 
Rhambocephaltts  Newport  (in  part)  Trans.  Linn.  soc.  London,  1844, 19,  p.  275, 

425. 

This  is  a  typically  Australian,  Indian,  and  African  genus,  the  single 
species  recorded  from  America  having  probably  been  introduced 
from  ships. 

CoRMOCEPHALUS  AURANTiiPES  (Newport). 

Scolopendra  aurarUiipes  Newport,  Ann.  mag.  nat.  hist.,  1844,  IS,  p.  99. 

Scohpendra  sybminiata  Newport,  Ibid.,  p.  100. 

Cormocephalua  aurarUiipes  "Sewport,  Trans.  Linn.  soc.  London,  1844, 19,  p.  420; 
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Haase,  Abhandl.  Mus.  Dresden,  1887,  6,  p.  57;  Kraepelin,  Revis.  Scolop., 
1903.  p.  197;  Brolemann,  Cat.  Myr.  Br^sil,  1909,  p.  7. 

Cormocephalua  obscurus  Newport,  Loo.  cit.,  p.  420. 

Connocephalus  subminialus  Newport,  Loc.  cit.,  p.  420. 

Cormocephalus  minialus  Newport,  Loc.  cit.,  p.  420. 

Rhombocephalus  bretns  Newport,  Loc.  cit.,  p.  426. 

Scolopendra  obscura  Gervais,  Insect.  Apt^res,  1847,  4,  p.  272. 

Scolopendra  miniaia  Gervais,  Ibid. 

Scolopendra  stibminiata  Gervais,  Ibid. 

Scolopendra  brevis  Gervais,  Ibid. 

CormocephodxjLS  gracilis  Kohlrausch,  Archiv.  naturg.,  1881, 47, 1,  p.  86. 

Cormocephalus  pygometas  Kohlrausch,  Ibid.,  p.  90. 

Connocephalus  auranliipes  spinosus  Haase,  Loc.  cit.,  p.  58. 

Localities, —  State  of  Rio  de  Janeiro:  Rio  de  Janeiro!  M.  C.  Z.; 
Brazil  (without  more  definite  locality,  recorded  as  C  gracilis  and  C. 
pygometas  by  Kohlrausch.)  Reported  also  from  Guatemala  by  Pocock. 

Hemiscolopendra  Kraepelin. 
Revis.  Scolop.,  1903,  p.  212;  Verhoeff,  Bronn's  Thierreich,  1907,  6,  p.  261. 

Hemiscolopendra  laevigata  (Porat). 

Cormocephalus  laevigcUus  Porat,  Bih.  Svensk.  vet.  akad.  Handl.,  1876,  4,  no.  7, 

p.  17. 
Scolopendra  cormocephalinn  Kohlrausch,  Archiv.  naturg.,  1881, 47,  1,  p.  123. 
Scolopendra  longispina  Meinert,  Proc.  Amer.  philos.  soc,  1886,  23,  p.  199; 

Brolemann,  Cat.  Myr.  Br^sil,  1909.  p.  19. 
Scolopendra  appendicidata  Daday,  Termes,  fiizetek.,  1891,  14,  p.  152. 

Localities. —  State  of  Sao  Paulo:   Bel^m. 


Scolopendra  Linn^. 

Syst.  nat.  ed.  10,  1758,  4,  p.  637;  Newport,  Trans.  Linn.  soc.  London,  1844, 
19,  p.  275,  377;  Latzel,  Myr.  Ost.-Ung.  monarch.,  1880,  1,  p.  137; 
Meinert,  Proc.  Amer.  philos.  soc,  1886,  23,  p.  190;  Vid.  Meddl.  nat.  foren. 
Ki0benhavn,  1886,  p.  125;  Kraepelin,  Revis.  Scolop.,  1903,  p.  223;  Ver- 
hoeflf,  Bronn's  Thierreich.,  1907,  6,  p.  263. 

Eight  valid  species,  one  of  them  new,  are  recognized  in  this  paper 
as  occurring  in  Brazil.    Brolemann  lists  S.  viridis  Wood  as  occurring 
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in  Brazil,  fide  Meinert;  but  a  reference  to  the  paper  cited  faib  to 
reveal  any  record  of  the  species  from  the  country  by  the  latter  author 
and  the  species  is  accordingly  here  omitted.  The  names  falling  as 
synonyms  in  this  genus  are  very  numerous.  The  known  Brazilian 
species  may  be  separated  by  means  of  the  following  key. 


Key  to  Species, 

First  dorsal  plate  with  a  deeply  impressed  transverse  cervical 
sulcus  which  may  be  nearly  covered  by  the  head, 
b.    Prefemur  of  the  twentieth  legs  (as  also  sometimes  of  some  of 
the  immediately  preceding  pairs)  armed  on  dorsal  side  at 
distal  end  one  to  several  spines;  prostemum  with  a  fine  sul- 
cus across  anterior  portion. 

c.    Dorsal  plates  from  the  sixth  or  seventh  caudad  distinctly 
margined  laterally. 

d.  At  least  eight  or  ten  basal  articles  of  the  antennae 
glabrous,  the  others  finely  pubescent,  the  hairs  not 
in  rows;    coxopleural  process  with  nine  spines  or 

points S.  gigantea  Linn^. 

dd.  Only  four  or  five  basal  articles  of  antennae  glabrous; 
hairs  of  the  others  often  in  streaks-  or  rows;  points 
of  the  coxopleural  process  fewer. 

e.  Ventral  plates  without  longitudinal  sulci ;  margina- 
tion  of  dorsal  plates  beginning  at  seventh  segment; 
femur  of  twentieth  and  also  of  nineteenth  legs  with 
one  or  two  spines  at  distal  end  above. 

S.  angulata  Newport, 
ee.    Ventral  plates  of  second  to  twentieth  segments 
with  two  deep  longitudinal  sulci  crossing  the  entire 
^       length  of  plate;   margination  of  dorsal  plates  be- 
ginning with  the  fifth;    femur  of  twentieth  legs 
lacking  spine  at  distal  end  above. 

S.  viridicornis  Newport, 
cc.    Margination  of  dorsal  plates  beginning  only  with  the 
eleventh  to  fourteenth  segment. 

Four  basal  articles  of  antennae  glabrous,  the  others 
densely  pubescent;  none  of  dorsal  plates  with  sulci 
passing  across  entire  length;  claw  of  anal  legs  with 
two  minute  basal  spines S.  explorans,  sp.  nov. 
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bb.  Prefemur  of  twentieth  legs  not  at  all  anned  at  distal  e^d 
above;  prostemum  with  no  transverse  sulcus  across  entire 
width  of  anterior  portion. 

Head  wholly  without  longitudinal  sulci;  last  dorsal  plate 
with  a  median  longitudinal  sulcus;  antennae  composed 
of  from  twenty-five  to  thirty-one  articles  of  which  the 
eighth  to  seventeenth  proximal  ones  are  glabrous. 

S.  polymorpha  Wood, 
aa.    First  dorsal  plate  without  any  such  deeply  impr^sed  transverse 
cervical  sulcus. 

b.    Prefemur  of  nineteenth  and  twentieth  pairs  of  legs  armed 
dorsally  at  distal  end  with  from  one  to  six  spinous  teeth; 

head  with  longitudinal  sulci S,  aliemans  Leach. 

bb.    Pl^femur  of  nineteenth  and  twentieth  pairs  of  legs  unarmed 
at  distal  end  above;  head  without  longitudinal  sulci. 
c.    Prefemur  of  anal  legs  armed  ventrally  with  from  six  to 
nine  spines;  last  dorsal  plate  with  a  fine  median  longi- 
tudinal sulcus S.  morsitans  Linn^. 

oc.  Pi^femur  of  anal  legs  with  only  three,  or  less,  ventral 
spines  or  sometimes  (in  varieties)  with  none;  last  dorsal 
plate  without  a  median  sulcus S.  svbspinipes  Leach. 


SCOLOPENDRA  GIGANTEA  Linn^. 

Syst.  nat.  ed.  10,  1758,  1,  p.  638;  Kraepelin,  Revis.  Scolop.,  1003,  p.  233; 
Brdlemann,  Cat.  Myr.  Br6sil,  1909,  p.  17. 

Scolopendra  gigaa  Leach,  Trans.  Linn.  soc.  London,  1814, 11,  p.  383;  Meinert, 
Proc.  Amer.  philos.  soc,  1886,  28,  p.  191. 

Scolopendra  insignia  Gervais  et  Goudot,  Ann.  Soc.  ent.  France,  1844,  8,  p. 
29. 

Scolopendra  prasinipea  Wood,  Proc.  Acad.  nat.  sci.  Phil.,  1862,  p.  11. 

Scolopendra  epileptica  Wood,  Ibid. 

Scolopendra  anntdipes  Lucas,  Bull.  Soc.  ent.  France,  1884,  ser.  6, 4,  p.  74;  Brdle- 
mann, Cat.  Myr.  Br^il,  1909,  p.  18. 

Localities. —  State  of  Amazonas:  Obidosl  James  and  Hunnewell, 
Nathaniel  Thayer  expedition.  M.  C.  Z.;  State  of  Para:  SantaremI 
(Chas.  Linden,  M.  C.  Z.);  State  of  Pernambuco:  Villa  Belial  (J.  C. 
Fletcher;  M.  C.  Z.).  Lucas's  type  of  S.  anntdipes  was  also  from 
Brazil,  the  definite  locality  not  being  indicated. 
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SCOLOPENBRA  ANOULATA  NewpOlt. 

Ann.  mag.  nat.  hist.,  1844, 18,  p.  07;  Pooock,  Joum.  Linn.  soc.  London,  1803, 

S4,  p.  146;  Br6lemann,  Cat.  Myr.  Br^sil,  1009,  p.  17. 
Seolopendra  puncticeps  Wood,  Proc.  Acad.  nat.  sci.  Phil.,  1862,  p.  14. 
Seolapendra  punctiscuta  Wood,  Ibid. 
ScoUypendra  pratina  C.  L.  Koch,  Myr.  1864, 2,  p.  23,  fig.  146;  Meinert,  Proc. 

Amer.  philos.  soc.,  1886,  23,  p.  192. 
Seolopendra  nitida  Porat,  Bih.  Svensk.  vet.  akad.  Hand!.,  1876,  4,  no.  7, 

p.  8. 
Seolopendra  reapMicana  Giebel,  Zeitschr.  ges.  naturw.,  1879,  62,  p.  326. 

Localities, —  State  of  Matto  Grosso:  Madeira-Mamore,  R.  R.  camp 
41»  on  the  Rio  Madeira!  (W.  M.  Mann);  Brazil  (without  more 
definite  locality,  reported  by  Porat  as  nitida  by  Pocock  and  by 
Kraepelin). 

The  species  b  widely  distributed  elsewhere  in  South  America  and 
in  the  AntiUes. 


ScoLOPENDRA  viRiDicoRNis  Newport. 

Ann.  mag.  nat.  hist.,  1844, 13,  p.  97;  Kraepelin,  Revis.  Soolop.,  1903,  p.  236; 

Brdlemann,  Cat.  Myr.  Br6sil,  1909,  p.  9. 
Seolopendra  punctidena  Newport,  Loc.  cit. 
Seolopendra  crieUUa  Newport,  Loo.  cit.;   Meinert,  Proc.  Amer.  philos.  soc., 

1886,  23,  p.  192. 
Seolopendra  variegata  Newport,  Loc.  cit.,  p.  98. 
Seolopendra  hopei  Gray,  List  Msrr.  Brit,  mus.,  1844,  p.  45. 
Seolopendra  hercvleana  C.  L.  Koch,  Myr.,  1863, 1,  p.  22,  fig.  20. 
Seolopendra  moreUane  C.  L.  Koch,  Ibid.,  p.  37,  fig.  83. 
^Seolopendra  eoetata  C.  L.  Koch,  Myr.,  1863,  2,  p.  25,  fig.  147. 

Localities. —  State  of  Rio  Grande  do  Norte:  Natal  I  (W.  M.  Mann); 
State  of  Par&:  Par&;  State  of  Bahia:  Bahia,  Rio  Sao  Francisco  (sec. 
Koch);  State  of  Pemambuco;  State  of  Amazonas:  Mandos,  Amazon 
River  I  (J.  C.  Fletcher,  M.  C.  Z.);  State  of  Ceard:  Ceard  or  For- 
talezal  (W.  M.  Mann);  Brazil  without  definite  locality  (Chas.  Linden, 
M.  C.  Z.;  and  sec.  Porat  and  Kohlrausch,  as  S.  cristaia;  Gray,  as  S. 
hopei;   and  Newport  and  Kohlrausch,  as  viridicomis). 

Judging  by  the  number  of  specimens  secured  by  Mr.  Mann,  the 
species  b  very  conmion  at  Natal. 
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SCOLOPENDRA  EXPLORANS,  Sp.  nov. 

Dorsum  dark  olive,  the  plates  being  somewhat  darker  at  the  caudal 
borders  and  in  a  transverse  row  of  areas  or  spots  across  the  anterior 
half.  Head  darker  excepting  along  the  caudal  border  where  it  is 
much  lighter,  somewhat  testaceous.  Antennae  olivaceous.  Legs  tes- 
taceous, excepting  the  posterior  pairs,  especially  the  ultimate,  which 
are  of  a  somewhat  cherry-red  color,  particularly  distad.  Venter  light 
brown.  Prostemum  dark  brown;  the  prehensors  somewhat  rufous 
proximad  of  the  black  claws. 

Cephalic  plate  with  two  very  fine  submedian  sulci  diverging  cepha- 
lad  across  entire  length  of  plate.  Very  finely  and  subdensely  uni- 
formly punctate. 

Antennae  of  moderate  length.  Composed  of  seventeen  articles  of 
which  the  first  four  are  subglabrous  and  subdensely  finely  punctate; 
the  other  articles  very  densely  clothed  with  fine  brownish  pubescence. 
Articles  from  the  sixth  distad  not  more  than  one  and  a  half  times 
longer  than  wide. 

Prostemum  and  prehensors  subdensely  punctate  with  fine  punctae. 
With  no  median  sulcus  but  with  a  distinct  though  fine  transverse 
sulcus,  caudad  of  which  there  is  a  mesal,  shallow  depression.  Each 
dental  plate  with  a  large  isolated  tooth  at  ectal  end  and  apparently 
three  thoroughly  fused  teeth  mesad  of  this,  there  being  only  slight 
indications  of  any  di\4sions  in  the  fused  piece. 

First  dorsal  plate  with  a  distinct  cervical  sulcus.  Very  finely 
punctate,  the  punctae  being  rather  more  scattered  than  on  the  head. 
No  sulci  detected  on  the  second  plate.  The  third  to  twentieth  plates 
with  paired  longitudinal  sulci  extending  full  length  of  plate,  fine. 
Finely  punctate  like  the  first  plate,  but  the  punctae  becoming  fainter 
and  fainter  caudad.  First  indications  of  lateral  margination  shown 
on  the  eleventh  to  fourteenth  plate,  the  margination  becoming  more 
and  more  strongly  marked  caudad.  Last  dorsal  plate  without  a 
median  keel.  Not  punctate.  Convexly  arched  on  anterior  portion, 
the  posterior  being  more  flattened.  Caudal  margin  rather  strongly 
bowed  out  caudad,  the  border  being  depressed  in  front  of  the  median 
portion  of  the  margin. 

Ventral  plates  either  wholly  without  sulci  or  with  very  short  traces 
of  these  at  anterior  border.  Punctae  fine,  becoming  faint  caudad. 
Last  ventral  plate  narrowed  caudad.  Caudal  margin  subtnmcate^ 
being  but  weakly  roimded;  mesally  slightly  notched  or  incurved. 
Without  median  longitudinal  sulcus. 
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Caudal  process  of  coxopleurae  of  anal  legs  very  short;  ending  in 
three  or  four  spines  or  points,  the  coxopleurae  being  otherwise  unarmed. 
Pores  very  fine  and  numerous. 

First  pair  of  legs  with  two  tarsal  spines.  Second  to  nineteenth 
pairs  with  a  single  tarsal  spine.  Prefemur  of  nineteenth  legs  dorsally 
at  distal  end  with  a  single  spine;  that  of  the  twentieth  with  two  spines; 
the  femur  of  the  latter  pair  dorsally  at  distal  end  also  with  a  single 
spine.    Prefemur  of  twentieth  legs  imarmed  ventrally. 

Prefemur  of  anal  legs  with  the  comer  process  at  distal  end  above 
ending  in  two  stout  points  or  teeth;  ventrally  with  five  spines  ar- 
ranged in  two  transverse  or  somewhat  oblique  rows,  a  distal  row, 
composed  of  three  spines,  being  at  about  the  middle  of  length  of  joint, 
and  a  more  proximal  one  of  two  spines  (or  in  three  longitudinal  rows, 
2,  2,  1);  mesally  with  three  or  four  spines  in  two  longitudinal  rows; 
and  along  dorsomesal  edge  with  two  spines  in  addition  to  a  single 
one  more  strictly  dorsal.  Femur  with  two  spines  on  proximal  half 
along  dorsomesal  edge  with  a  third  one  ventrad  of  these  on  the  mesal 
surface;  and,  in  addition,  also  a  spine  at  distal  end  on  mesodorsal 
comer.    Claw  with  two  basal  spines  which  are  very  small. 

Length  cir.  83  mm. 

Locality, —  State  of  Matto  Grosso:  Madeira-Mamore  R.  R.  camp 
39,  on  the  Rio  Madeira!     (W.  M.  Mann). 

This  interesting  species  is  evidently  close  to  S.  armcUa  described  by 
Kraepelin  from  Venezuela  (Maracaibo),  with  which  it  is  characteris- 
tically separated  from  all  others  now  known.  Among  the  more 
important  differences  between  these  two  species,  so  far  as  the  descrip- 
tion of  armata  permits  of  comparison,  may  be  mentioned  the  com- 
plete absence  of  any  spines  on  the  twentieth  legs;  the  dense  pubescence 
of  antennae  on  all  articles  distad  of  the  fourth;  the  distinct  punctation 
of  the  first  dorsal  plate;  the  margination  of  the  dorsal  plates  from  the 
eleventh  to  fourteenth  caudad  instead  of  from  the  eighteenth  or 
nineteenth;  the  absence  of  paired  sulci  passing  entirely  across  any  of 
the  plates;  the  presence  of  two  spines  at  base  of  claw  of  anal  legs 
instead  of  but  one,  etc. 

SCOLOPENDRA  POLYMORPHA  Wood. 

PlXKS.  Acad.  nat.  sci.  Phil.,  1862,  p.  11;  Kraepelin,  Revis.  Scolop.,  1893,  p.  241. 
Scolopendra  copeiana  Wood,  Joum.  Acad.  nat.  sci.  Phil.,  1862,  ser.  2,  6,  p.  27; 

Pocock,  Biol.  Centr.  Amer.  Chilopoda,  1895,  p.  19. 
Scolopendra  mysleca  Humbert  et  Saussure,  Rev.  mag.  zool.,  1869,  ser.  2,  21^ 

p.  157. 
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Scohpendra  paehypus  KohJrausch,  Archiv.  naturg.,  1881, 47, 1,  p.  113. 
Scolopendra  leptodera  Kohlrausch,  Ibid.;  Br6)einaim,  Cat.  Myr.  Br^sil,  1909, 
p.  19. 

Locality. —  Brazil  (type  of  leptodera  Kohlrausch,  which  has  been 
restudied  by  Kraepelin  and  identified  with  polymorpha). 

This  is  a  very  common  species  in  the  southern  United  States  and  in 
Mexico.    It  has  also  been  recorded  from  Venezuela. 


Scolopendra  alternans  Leach. 

Trans.  Linn.  soc.  London,  1812, 11,  p.  383;  Meinert,  Proc.  Amer.  philos.  soc. 

1886, 23,  p.  193;  Kraepelin,  Revis.  Scolop.,  1903,  p.  244;  Br6lemann,  Cat. 

*Myr.  Br^sU,  1909,  p.  15. 
Scolopendra  mornUms  PaUsot  de  Beauvois  (non  Linn6),  Ins.  Afr.  Amer.,  1805- 

1821,  p.  152. 
Scolopendra  sagraea  Gervais,  Ann.  sci.  nat.,  1837,  ser.  2, 7,  p.  50;  Brandt,  Bull. 

sci.  Acad,  imper.  sci.  St.  Peterburg,  1840,  7,  p.  57. 
Scolopendra  complanata  Newport,  Ann.  mag.  nat.  hist.,  1844,  18,  p.  98. 
Scolopendra  grayii  Newport,  Ibid. 
Scolopendra  midtispinaia  Newport,  Ibid. 

Scolopendra  incerta,  Newport,  Trans.  Linn.  soc.  London,  1844,  19,  p.  404. 
Scolopendra  crudelia  C.  L.  Koch,  Syst.  Myr.,  1847,  p.  387;  Myr.,  1864,  2,  p. 

36,  fig.  158, 159;  Meinert,  Proc.  Amer.  philos.  soc.,  1886, 23,  p.  194. 
Scolopendra  cubensis  Saussure,  M6m.  Soc.,  phys.  hist.  nat.  Geneve,  1860,  16,  p. 

387. 
Scolopendra  testacea  Wood,  Joum.  Acad.  nat.  sci.  Phil.,  1862,  ser.  2,  6,  p.  26. 
Scolopendra  torquata  Wood,  Ibid. 
Scolopendra  longipes  Wood,  Ibid. 
Scolopendra  aUemans  Meinert,  Proc.  Amer.  philos.  soc.,  1886,  23,   p.    193; 

Kraepelin,  Revis.  Scolop.,  1903,  p.  244;   Brdlemann,  Cat.  Myr.  Br^sil. 

1909,  p.  15. 

Locality.—  Brazil !     (M.  C.  Z.). 

This  is  a  very  common  species  in  the  West  Indies,  etc. 


Scolopendra  morsffans  Linn^. 

Syst.  nat.  ed.  10,  1758,  1,  p.  638;  Kraepelin,  Revis.  Scolop.  1903,  p.  250; 

Brolemann,  Cat.  Myr.  Br6sil.  1909.  p.  19. 
(For  synonymy  and  bibliography  cf.  Kraepelin,  Loc.  cit.). 

Localities. —  State  of  Amazonas:    Mandos;    State  of  Parahyba: 
Parahyba!      (Nathaniel    Thayer   expedition,    M.  C.  Z.);    State  of 
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Pard:  Par&I  (Nathaniel  Thayer  expedition,  M.  C.  Z.) ;  State  of  Bahia: 
SantaremI  (M.  C.  Z.);  State  of  Rio  de  Janeiro:  Rio  de  Janeiro  I 
(M.  C.  Z.);  Brazil,  without  definite  locality;  (recorded  by  Gervais 
as  brandtiana  and  platypoides;  by  Saussure  as  brandtiana;  by  Porat 
as  longicomis;  also  specimens  in  M.  C.  Z.,  with  no  more  definite  label). 
This  is  a  cosmopolitan  species. 


ScoLOPENDRA  SUBSPINIPES  Leach. 

Trans.  Linn.  soc.  London,  1814,  11,  p.  383;  Kraepelin,  Revis.  Scolop.,  1903, 

p.  256;  Brolemann,  Cat.  Myr.  Br^sil..  1909,  p.  25. 
(For  synonymy  and  bibliography  cf .  Kraepelin,  Loc.  cit.). 

Localities, —  State  of  Bahia:  Bahia!  (Nathaniel  Thayer  expedition, 
M.  C.  Z.);  State  of  Rio  de  Janeiro:  Rio  de  Janeiro  I  (M.  C.  Z.); 
Brazil  without  definite  locality  (M.  C.  Z.) ;  also  recorded  by  Gervais 
as  Qudax;  by  Newport  as  gervaisi,  and  placeae;  by  Koch,  Kohlrausch, 
and  Brolemann  as  armata). 


GEOPHILOIDEA. 

SCHENDYLtDAE. 

Of  this  family,  the  largest  of  the  Greophiloidea  in  the  known  fauna, 
three  genera  are  found  in  Brazil,  Schendylurus,  Adenoschendyla,  and 
Thalthybius  (Ballophilini). 

Schendylurus  Silvestri. 

Mitth.  Naturh.  mits.  Hamburg,  1907,  24,  p.  245;  Brdlemann  et  Ribaut,  Bull, 
floc.  ent.  France,  1911,  p.  192;  Arch.  Mus.  hist,  nat.,  1912,  ser.  5, 4,  p.  113. 
Schendyla  Brdlemann  (ad.  part,  max.).  Cat.  M3rr.  Br^sil,  1909,  p.  6. 

The  Brazilian  species  known  may  be  separated  by  means  of  the  key. 
Schendylurus  brasUianus  Silvestri,  probably  belonging  to  this  genus, 
is  not  taken  up,  the  published  description  being  too  meager  to  furnish 
sufficient  information. 
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Key  to  Species. 

a.    Pairs  of  legs  less  than  fifty. 

b.  Ventral  pores  occurring  on  the  first  stemite;  pores  on  each 
stemite  divided  into  three  areas;  cephalic  plate  scarcely 
longer  than  wide. 

Pairs  of  legs  forty-one. 

S,  litderwaldi  Brolemann  and  Ribaut. 
bb.    No  ventral  pores  on  the  first  stemite;  ventral  pores,  at  least 
on  the  anterior  stemites,  in  an  undivided  area;    cephalic 
plate  considerably  longer  than  wide. 

c.  Antennae  three  times  or  more  the  length  of  the  cephalic 
plate;  last  article  of  anal  legs  longer  and  conspicuously 
more  slender  than  the  penult;  pairs  of  legs  (9)  47. 

S,  perditus,  sp.  nov. 
cc.     Antennae  but  two  times,  or  less,  the  length  of  the  cephalic 
plate;  last  article  of  anal  legs  of  nearly  same  length  and 
thickness  as  the  penult;  pairs  of  legs  ( 9  )  thirty-seven. 

S.  bakeri,  sp.  nov. 
aa.    Pairs  of  legs  near  or  above  sixty. 

b.    Prebasal  plate  not  exposed S.  gouneUei  Brolemann. 

bb.    Prebasal  plate  exposed S.  patdista  Brolemann. 


ScHENDYLURUS  LUDERWALDi  Brolcmann  and  Ribaut. 

BuU.  Soc.  ent.  France,  1911,  p.  220;  Arch.  Mus.  hist,  nat.,  1912,  ser.  6,  4,  p. 
117,  fig.  48-52. 

Locality, —  State  of  Rio  de  Janeiro:  Campo  Itatiaya  (Mus.  Paul, 
coll.). 

SCHENDYLURUS  BAKERI,   Sp.   UOV. 

Very  pale;  more  densely  pigmented  anteriorly,  where  the  color 
is  pale  lemon-yellow.  Head  and  the  prostemum  with  prehensors 
chestnut  or  with  slight  tendency  to  ferruginous.  Antennae  similar 
to  head  but  lighter. 

Body  moderate;  conspicuously  narrowed  from  a  little  back  of  the 
middle  caudad,  but  only  moderately  attenuated  cephalad.  Hairs 
of  body  and  legs  sparse,  those  of  the  legs  chiefly  toward  the  distal 
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ends  of  articles  as  usual,  these  also  being  longer  than  the  more  proxi- 
mal ones. 

Cephalic  plate  widest  in  front  of  middle  where  it  bulges  convexly  on 
each  side;  sides  of  head  caudad  of  this  straight  and  a  little  converg- 
ing to  level  of  posterior  end  of  first  joint  of  prehensors  (femur),  then 
abruptly  more  strongly  converging  to  the  caudal  comers  which  are 
not  rounded;  caudal  margin  straight;  anteriorly  the  head  is  convexly 
widely  roimded.     Longer  than  wide,  the  ratio  being  nearly  43 :  38. 

Antennae  short  being  only  1.9—  times  longer  than  the  cephalic  plate; 
scarcely  attenuated.  Hairs  very  short,  denser  on  the  more  distal 
articles,  with  hairs  longer  and  more  sparse  on  the  proximal  ones. 
Articles  short,  decreasing  distad,  with  the  sides  more  nearly  straight 
than  in  perditus;  ultimate  article  not  much  differing  in  length  from  the 
two  preceding  taken  together. 

Prebasal  plate  exposed. 

Basal  plate  conspicuously  narrowed  cephalad;  trapeziform.  Two 
and  a  third  times  wider  than  long.  Slightly  more  than  one  third  as 
long  as  the  cephalic  plate  (ratio  1 : 2.8-2.9). 

Claws  of  prehensorial  feet  when  closed  attaining  the  front  margin 
of  the  cephalic  plate.  Joints  all  unarmed  within  as  usual.  Sides  of 
prostemum  for  most  of  length  nearly  straight  and  but  slightly  converg- 
ing caudad,  more  abruptly  rounding  into  caudal  comers.  Much  wider 
than  long,  the  ratio  being  47:34.  Longer  than  the  first  joint  of  pre- 
hensors in  ratio  3:2. 

Dorsal  plates  mostly  showing  a  fine  median  sulcus  in  addition  to  the 
lateral  ones.  Anterior  prescuta  short,  those  of  the  middle  and  pos- 
terior regions  becoming  rather  long,  the  last  few  then  again  short. 

Spiracles  all  circular;  the  first  considerably  larger  than  the  second, 
the  others  decreasing  caudad  and  those  of  the  posterior  region  very 
small  or  minute. 

First  fourteen  or  fifteen  stemites  angularly  produced  at  middle  of 
caudal  margin,  the  process  small;  process  fitting  into  an  excavation 
in  the  succeeding  segment  as  usual.  The  anterior  margin  of  the 
second  stemite  conspicuously  extended  from  sides  to  middle,  that  of 
the  third  segment  similarly  but  less  strongly  produced,  that  of  the 
fourth  merely  convexly  bowed  out,  and  those  of  the  succeeding  ones 
straight,  or  nearly  so,  or  even  a  little  incurved.  Ventral  pores  present 
on  all  stemites  excepting  the  first  and  the  last;  pore  area  subcircular, 
with  the  pores  numerous.  Stemites  mostly  showing  a  longitudinal 
median  furrow  which  is  deepest  just  in  front  of  the  middle,  and  a 
weaker  transverse  furrow  which  curves  across  in  front  of  the  pore  area. 
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Last  ventral  plate  very  wi^e;  trapezifonn;  the  sides  moderately 
con  verging  caudad;  caudal  margin  mesally  incurved  as  in  manni 
(Plate  4,  fig.  7). 

Coxopleural  pores  appearing  as  two  large  pits  on  each  side,  these 
being  wholly  covered  by  the  last  ventral  plate  excepting  for  a  small 
ectal  portion  of  each  (Plate  4,  fig.  7). 

First  pair  of  legs  a  little  more  slender  than  the  second,  but  not  at 
all  or  but  slightly  shorter.  Posterior  pairs  of  legs  longer  and  propor- 
tionately more  slender  than  the  anterior  ones. 

Anal  legs  ( 9 )  much  longer  than  the  penult.  Scarcely  thickened. 
The  ultimate  article  about  equal  in  length  to  the  preceding  one  and 
not  more  slender;  but  the  last  two  articles  together  more  slender 
than  the  tibia.  Hairs  more  numerous  than  on  other  legs,  especiaUy 
on  the  proximal  joints  (Plate  4,  fig.  7).    Pairs  of  legs  (  9 )  forty-seven. 

Length  24  mm. 

Locality. —  State  of  Amazonas:  Manfios!  (Mann  and  Baker). 

One  female. 

Manifestly  close  in  the  main  structural  features  to  S.  perdiiiis.  It  is 
a  materially  larger  form;  has  forty-seven  pairs  of  legs  as  against  thirty- 
seven  in  the  latter  species,  has  the  antennae  relatively  much  shorter; 
and  the  last  article  of  the  anal  legs  is  proportionately  much  shorter 
and  thicker  as  shown  in  the  figures. 


SCHENDYLURUS  PERDITUS,  Sp.  nOV. 

Body  whitish,  tinged  with  dilute  lemon-yellow  which  is  more 
evident  anteriorly.  Head  and  prostemum  with  prehensors  ferrugi- 
nous.    Antennae  brownish  yellow  of  faint  ferruginous  tinge. 

Moderate  or  slender;  only  slightly  attenuated  cephalad,  more 
abruptly  so  caudad.  Hair  very  sparse  and  mostly  short  over  body, 
and  those  of  legs  also  sparse. 

Cephalic  plate  evidently  longer  than  wide,  the  ratio  being  about 
6: 4.4.  Widest  toward  anterior  end  where  the  sides  are  convex; 
from  this  region  caudad  the  sides  are  more  nearly  straight  and  con- 
verge at  first  moderately  and  then  more  abruptly  toward  the  posterior 
comers;  caudal  margin  appearing  considerably  incurved.  Frontal 
suture  not  present.     (Plate  4,  fig.  1). 

Labral  margin  armed  in  the  type  with  eighteen  rather  large,  sub- 
acute, and  strongly  chitinous  denticles,  those  at  the  sides  being  smaller, 
with  apices  turned  mesad,  and  more  acute  than  the  more  median  ones. 
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First  maxillae  of  usual  structure;  outer  branch  robust,  without 
lappets. 

Claw  of  palpus  of  second  maxillae  long,  distally  slender  and  acute 
and  strongly  curved;  pectinate  along  both  edges,  the  divisions  long 
and  slender. 

Antennae  moderately  long,  being  three  and  a  fifth  times  as  long  as 
the  cephalic  plate,  only  a  little  attenuated  distad.  Articles  of  proxi- 
mal portion  moderately  long,  each  somewhat  clavately  widening  from 
proximal  and  distad;  the  five  articles  preceding  the  ultimate  short 
and  relatively  wider.  Hairs  of  the  last  six  or  seven  articles  very  short 
and  rather  numerous,  on  the  more  proximal  articles  becoming  much 
more  sparse  and  manifestly  longer. 

Prebasal  plate  exposed. 

Basal  plate  trapeziform,  the  sides  convex.  About  one  third  as  long 
as  the  cephalic  plate  and  2.4-2.5  times  wider  than  long. 

Claws  of  the  prehensors  when  closed  not  fully  attaining  the  front 
margin  of  the  head.  Claws  smooth.  All  articles  unarmed  within  as 
usual. 

Prostemum  with  sides  for  most  of  length  nearly  straight,  a  little 
converging  caudad,  more  abruptly  rounding  mesad  at  posterior 
comers.  Anterior  margin  well  chitinized;  but  not  at  all  denticulate; 
mesal  incision  between  lateral  portions  shallow,  semicircular;  sloping 
from  each  side  to  the  middle,  there  forming  an  obtuse  reentrant  angle. 
Plt>stemum  much  wider  than  long,  the  ratio  being  about  25 :  18 ;  longer 
than  the  outer  length  of  femur  in  about  ratio  3: 2.  Hairs  of  pre- 
hensors sparse  and  in  part  moderately  long;  those  of  prostemum  very 
sparse  and  short.     (Plate  4,  fig.  2). 

Prescuta  of  the  anterior  and  of  the  posterior  fourths  of  length  short, 
the  others  being  moderately  long.    Sulci  sharply  imprest^ed. 

Spiracles  all  circular;  the  first  conspicuously  larger  than  the  second, 
the  others  decreasing  in  size  caudad  and  becoming  very  small  or 
minute  in  the  posterior  region. 

The  more  anterior  stemites  with  a  rather  narrow  angular  median 
caudal  process  which  fits  into  a  corresponding  excavation  in  the 
succeeding  stemite.  Each  with  a  subcruciform  impression  which  is 
considerably  expanded  in  the  region  where  the  furrows  cross.  Pores 
beginning  on  the  second  segment  where  there  are  frpm  forty  to  forty- 
five  in  the  type;  pores  present  on  all  succeeding  stemites  excepting 
the  last,  those  of  the  penult  segment  being  fewer  in  number;  pores 
arranged  in  an  undivided  circular  area. 

Last  ventral  plate  wide,  trapeziform,  the  sides  being  nearly  straight 
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and  converging  caudad;  caudal  margin  angularly  excised  at  middle, 
convex  laterally  toward  and  about  each  caudal  comer.  (Plate  4, 
fig.  3). 

Each  coxopleura  with  glands  in  the  form  of  two  large  pits  which  are 
entirely  simple  and  homogeneous;  the  anterior  pore  wholly  and  the 
posterior  one  mostly  covered  by  the  last  ventral  plate.  (Plate  4, 
fig.  3). 

First  pair  of  legs  a  little  more  slender  than  the  second  but  only 
sUghtly  shorter.  Posterior  legs  longer  and  proportionately  more 
slender  than  the  anterior  ones.  Anal  legs  much  longer  than  the 
penult.  Slender  in  the  female.  The  distal  joint  somewhat  longer 
that  the  preceding  one  and  much  more  slender.  Pairs  of  legs  ( 9  ) 
thirty-seven. 

Locality. —  State  of  Parahyba:  Independencia!  hilb  north  of  the 
town.     (Mann  and  Heath). 

Schendylurus  oounellei  (Brolemann). 

Schendyla  gouneUei  BrSlemann,  Ann.  Soc.  ent.  France,  1902,  71,  p.  685;  Cat. 

Myr.  Br^sil.,  1909,  p.  6. 
Schendylurus  gouneUei  Brolemann  et  Ribaut,  Arch.  Mus.  hist,  nat.,  1912,  aer.  5, 

4,  p.  119,  fig.  6,  62-67. 

Locality, —  State  of  Sao  Paulo:  FaQenda  Nova  Nicaragua. 


Schendylurus  paulista  (Brolemann). 

Schendyla  pauliaia  Brolemann,  Rev.  Museu  Paulista,  1903,  6,  p.  83,  pi.  1,  fig. 
6-7;  Cat.  Myr.  Bresil.,  1909,  p.  6. 

Locality. —  State  of  Sao  Paulo :  Poco  Grande. 
In  many  ways  close  to  the  preceding  species  and  possibly  but  a 
variety  of  it. 

(?)  Schenydlurus  brasilianus  (Silvestri). 

NannophUus  brasilianus  Silvestri,  Ann.  soc.  ent.  Belg.,  1907,  41,  p.  346. 
Schendyla  brasiliana  Brolemann,  Cat.  M)rr.  Bresil.,  1909,  p.  6. 

Locality. —  Brazil  (precise  locality  not  indicated). 

The  generic  position  of  this  species  cannot  be  determined  from  the 
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original  description.  It  appears  not  to  be  a  true  Nannophilus  under 
which  genus  it  was  described,  and  is  most  probably  a  member  of 
Schendvlurus. 


Schendylurus 


Adenoschendyla  Brolemann  and  Bibaut. 


Bull.  Soc.  ent.  France,  1911.  p.  192;  Nouv.  Arch.  Mus.  hist,  nat.,  1912,  ser.  6, 4, 
p.  194. 

Three  species  and  one  variety  of  this  genus,  which  is  peculiar  to 
tropical  and  subtropical  America,  are  known  from  Brazil.  Of  these, 
one  is  here  first  described. 

Hie  genus  is  close  to  Pectiniimguis.  Pectiniunguis  and  Adeno- 
schendyla  lack  claws  on  the  anal  legs  in  contrast  with  species  of  the 
southwestern  United  States  {montereus,  heatki,  etc.)  The  latter 
species  differ  as  well  in  other  respects  and  may  be  placed  under  a 
(Ustinct  genus  to  be  known  as  Nyctunguis  (P.  monlereus  Chamb.^ 
type). 

Key  to  Species, 

a.    Prebasal  plate  not  exposed ;  none  of  the  pore  areas  of  the  stemites 

are  divided A.  plusiodonta  (Attems). 

aa.    Prebasal  plate  exposed;  some  of  the  stemites  of  the  median  or 
posterior  region  of  body  longitudinally  divided  or  geminate, 
b.    Head  much  longer  than  wide  (ratio  4: 3  to  4: 3.5),  pairs  of 
legs  fifty-three  to  fifty-nine. 

c.    Pores  present  on  first  stemite;   head  wider  caudad  than 
cephalad,  longer  than  wide  in  ratio  4:3;    pairs  of  legs 

69  ( 9 );   length  40  mm A.  parahybae,  sp.  nov. 

cc.  No  pores  present  on  first  stemite;  head  of  same  width 
anteriorly  and  posteriorly,  longer  than  wide  in  ratio  4: 3.5; 
pairs  of  legs  53  (cr)-55  ( 9 ) ;  length  25  mm. 

A.  geayi  Brolemann  and  Bibaut. 
bb.    Head  but  sUghtly  longer  than  wide  (ratio  not  more  than 
10:9),  widest  cephalad;   pairs  of  legs  forty-seven  to  fifty- 
three, 
c    Claw  of  palpus  of  second  maxillae  of  usual  form. 

A,  imperfassa  (Br5lemann)» 
cc.    Claw  of  palpus  of  second  maxillae  globular  at  base. 

A.  imperfoisa  boUnmyx  Brolemann  and  Ribaut« 
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Adenoschendtla  parahtbae,  sp.  nov. 

Mostly  pale  yellowish  white,  beeommg  more  densely  pigmented 
anteriorly,  lemon-yellow.  Head  dilute  ferruginous  or  orange,  darker 
in  a  band  immediately  caudad  of  frontal  region.  Prostemum  a  little 
paler  than  the  head,  with  the  prehensors  much  lighter,  yellow.  An- 
tennae yellow. 

Rather  slender  with  the  body  considerably  attenuated  cephalad  and 
abo  very  strongly  at  caudal  end.  Hairs  sparse,  of  moderate  length, 
more  numerous  caudad. 

Cephalic  plate  much  longer  than  wide  (4:3).  Widest  caudad,  con- 
spicuously narrowed  or  constricted  in  frontal  region  at  anterior  end; 
anterior  border  subtriangular;  caudal  margin  slightly  concave;  sides 
nearly  straight  from  a  little  in  front  of  caudal  comers  cephalad  to 
frontal  region.     (Plate  6,  fig.  1). 

Antennae  strictly  filiform  as  usual.  Long,  being  a  little  more  than 
three  times  the  length  of  the  cephalic  plate.  Articles  mostly  long, 
excepting  those  immediately  preceding  the  ultimate.  Ultimate  article 
longer  than  the  two  preceding  taken  together.  Hairs  of  articles  of 
distal  region  very  short,  dense;  those  of  proximal  articles  conspicu- 
ously longer  and  more  sparse. 

Prebasal  plate  a  little  exposed,  the  cephalic  plate  not  overlapping  the 
basal. 

Basal  plate  with  sides  straight,  strongly  converging  cephalad;  three 
times  wider  than  long. 

Claws  of  the  prehensors  when  closed  about  even  with  the  front 
margin  of  the  cephalic  plate;  claws  large  and  well  overlapping; 
robust;  articles  all  unarmed  within  as  usual. 

Prostemum  wider  than  long  in  about  ratio  7:5;  one  and  a  half  times 
longer  than  the  outer  height  of  the  femur  of  prehensors;  sides  con- 
verging from  the  anterior  comers  to  the  caudal  and  straight  excepting 
towards  ends;  anterior  margin  sloping  a  little  caudad  of  directly 
mesad  from  the  ectal  ends  to  the  mesal  incision,  which  is  shallow, 
laterally  strongly  chitinized  but  with  no  signs  of  teeth. 

Dorsal  plates  bisulcate;  the  sulci  on  the  anterior  plates  distinct 
caudad  as  far  as  a  fine  transverse  furrow  a  little  in  front  of  the  caudal 
margin,  this  transverse  furrow  being  in  the  form  of  a  pair  of  concave 
impressions  meeting  at  a  cephalically  directed  angle;  a  fine  median 
longitudinal  sulcus  also  present  as  may  also  be  one  or  two  less  distinct 
ones  on  each  lateral  part.  Anterior  prescuta  short,  the  others  in- 
creasing in  length  to  the  caudal  region  where  they  are  moderately  long, 
the  last  ones  being  again  short. 
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Spiracles  all  circular;  the  first  one  much  larger  than  the  second  and 
the  latter  likewise  considerably  larger  than  the  third;  the  others 
gradually  decreasing  caudad,  in  the  posterior  region  becoming  minute. 

The  first  sixteen  stemites  with  the  caudal  border  produced  at  the 
middle,  the  distinct  process  in  each  case  fitting  into  a  corresponding 
excavation  in  the  succeeding  segment.  Ventral  pores  present  on  all 
stemites  excepting  the  ultimate;  on  the  stemite  as  far  back  as  the 
twenty-fifth  or  twenty-sixth,  the  pores  are  in  a  single  dbtinct  sub- 
circular  area;  caudad  of  this  the  areas  are  more  irregular,  with  a 
distinct  tendency  for  each  to  become  longitudinally  divided  into  two 
areas  or  geminate. 

Last  ventral  plate  very  wide;  sides  nearly  straight,  strongly  con- 
verging caudad;  caudal  comers  rounded;  caudal  margin  a  little 
crenately  incised  a  little  each  side  of  the  middle.  Rather  densely 
clothed  with  fine  short  hairs,  especially  on  the  caudal  portion. 

Coxopleurae  subdensely  clothed  over  the  ventral  area  with  fine  short 
hairs. 

First  pair  of  legs  shorter  and  more  slender  than  the  second,  the  next 
few  pairs  gradually  attaining  the  full  size;  anterior  pairs  of  legs  con- 
spicuously more  robust  than  the  posterior  ones. 

Anal  legs  in  the  female  much  longer  than  the  penult;  very  slender. 
Ultimate  joint  longer  than  the  penult,  very  slender  and  ending  in  a 
minute  membranous  point  but  with  no  trace  of  a  real  claw.  Hairs 
long  and  sparse.     (Plate  6,  fig.  3).    Pairs  of  legs  fifty-nine. 

Length  40  nmi. 

Locality. —  State  of  Parahyba:  Independencial  (Mann  and  Heath). 

The  present  species  differs  from  plusiodonta  (Attems)  in  the  much 
greater  length  and  different  shape  of  the  cephalic  plate,  this  in  pliisio- 
donta  being  only  about  as  long  as  wide;  in  having  the  prebasal  plate 
exposed;  in  the  greater  number  of  pairs  of  legs;  in  the  character  of 
the  ventral  pore  areas,  etc.  The  two  species  are  similar  in  regard 
to  the  processes  and  pits  of  the  anterior  plates. 


Adenoschendyla  plusiodonta  (Attems). 

Peciiniunguia  pltisiodontus  Attems,  Zool.  jahrb.  Syst.,  1903,  18,  p.  193,  pi.  13, 
fig.  18;  Chamberlin,  Proc.  Acad.  nat.  sci.  Phil.,  1904,  p.  664. 

Adenoschendyla  pltisiodonla  Brdlemann  et  Ribaut,  Nouv.  Arch.  Mus.  hist,  nat., 
1912,  ser.  6, 4,  p.  106. 


Locality. —  State  of  Santa  Catherina:  Blumenau. 
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Adenoschendyla  imperfossa  (Brolemann). 

Schendyla  imperfossa  Brdlemann,  Rev.  Mus.  Paulista,  1901,  6,  p.  44,  pi.  1, 

fig.  g-13;  Cat.  Myr.  Br^sil,  1909,  p.  6. 
Adenoschendyla  imperfossa  Brolemann  et  Ribaut,  Nouv.  Arch.  Mus.  hist.  nat. 

1912,  ser.  5, 4,  p.  107. 

Locality. —  Brazil.     (Museu  Paulista). 


Adenoschendyla  imperfossa  bolbonyx  Brdlemann  and  Ribaut. 

Brolemann  et  Ribaut,  Nouv.  Arch.  Mus.  hist,  nat.,  1912,  ser.  5,  4,  p.  107, 
fig.  18-23. 

Locality, —  State  of  Sao  Paulo  (type  Museu  Paulista). 


Adenoschendyla  geayi  Brolemann  and  Ribaut. 

Bull.  Soc.  ent.  France,  1911,  p.  219;  Nouv.  arch.  Mus.  hist,  nat.,  1912,  ser.  5, 4, 
p.  108,  pi.  2,  fig.  24-30,  pi.  3.  fig.  31-32. 

Locality, —  State  of  Amazonas  (Brazilian  Guiana,  Lower  Carsevome 
or  Cal^oene,  Geay,  collector). 


Thalthybius  Attems. 
Zool.  jahrb.  Syst.,  1900, 18,  p.  139;  1903, 18,  p.  183. 

Prionothalthybius  Brolemann. 
Arch.  zool.  exp,  et  gen.,  1909,  ser.  5, 8,  p.  334. 

Thalthybius  (Prionothalthybius)  perrieri  Brolemann. 
Bull.  Mus.  hist,  nat,,  1909,  p.  1,  fig.  &-10. 

Locality. —  State  of  Amazonas  (Brazilian  Guiana,  Upper  Carsevenne 
or  Cal^oene;  Geay,  collector). 
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Of  Uncertain  Position, 

(?)  Geophilus  sublaevis  Meinert, 
Natur.  tiddskr.,  1870,  ser.  3,  7,  p.  72. 

Locality, —  State  of  Minas  Geraes :  Lagoa  Santa. 

This  is  certainly  not  a  true  Geophilus^  being  in  all  probability  a 
member  of  the  present  family.  It  seems  likely  to  prove  to  belong 
to  Schendylurus.  The  anal  legs  are  unarmed;  the  last  ventral  plate 
very  wide  with  pores  on  eoxopleurae  said  to  be  absent  by  Meinert 
but  no  doubt  to  be  found  after  proper  treatment  with  potash  as  has 
been  shown  to  be  true  with  various  species  of  Schendylurus,  etc., 
which  at  first  were  considered  to  lack  the  pores;  the  prostemum 
and  joints  of  prehensors,  unarmed,  the  claws  of  the  latter  not  surpass- 
ing the  front  margin  of  the  head;  pairs  of  legs  67. 

ORYroAE. 

Orphnaeus  Meinert. 

Myr.  Mus.  Hauniensis,  1870, 1,  p.  17;  Proc.  Amer.  philos.  soc,  1886, 23,  p.  230; 

Zool.  jahrb.  Syst.,  1903,  18,  p.  200;  Verhoeff.  Bronn's  Thierreich,  1908, 

6,  p.  294. 
Ckamatobius  Humbert  et  Saussure,  Rev.  mag.  zool.,  1870,  p.  205;  Miss,  sclent. 

Mex.,  1872,  p.  146. 

Orphnaeus  branneri,  sp.  nov. 

Dorsum  yellowish  brown,  darker  cephalad  where  the  tergites  are 
margined  with  a  more  deeply  red  stripe.  The  anterior  dorsal  plates, 
excepting  the  first  one,  with  a  conspicuous  black  spot  on  the  anterior 
portion,  this  consisting  typically  of  a  narrow  transverse  stripe  along 
the  anterior  margin  connected  at  the  middle  by  means  of  a  broad 
neck  with  two  short  curved  marks  diverging  from  each  other  and 
bending  out  laterad  near  the  middle  of  the  plate;  this  mark  in  going 
from  segment  to  segment  caudad  becoming  less  and  less  developed  and 
finally  disappearing  entirely.    No  distinct  geminate  dark  stripe  such 
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as  i^  so  characteristic  of  brevUabiatus.  Basal  and  cephalic  plates  deep 
ferruginous;  prostemum  and  prehensors  ventrally  similar  but  paler, 
the  claws  black.  Antennae  like  cephalic  plate  but  pale  at  their  very 
tips.    Venter  pale  testaceous,  darker  cephalad.    Legs  similar  to  venter. 

Body  large  and  robust;  strongly  attenuated  both  cephalad  and 
caudad.  Hairs  of  body  very  fine  and  short  as  are  also  the  few  hairs 
of  the  legs. 

Cephalic  plate  conspicuously  wider  than  long,  the  ratio  being  about 
48:39.  Widest  caudad,  where  the  sides  are  convex;  moderately 
converging  anteriorly  in  front  of  the  middle  to  the  anterior  comers; 
lateral  portions  of  anterior  margin  converging  from  the  anterolateral 
comers  to  an  obtuse  angle  at  the  middle;  caudal  margin  widely, 
weakly  convex.  Plate  with  subdense,  uniform,  fine  punctae.  Hairs 
very  fine  and  short,  numerous. 

First  maxillae  with  inner  division  sharply  set  off;  short  and  broad, 
apically  rounded,  not  membranous.  Outer  division  with  the  second 
and  third  articles  not  separated  by  a  suture;  short  and  thick;  slightly 
membranous  at  tip  on  mesal  side;  membranous  lappets  of  moderate 
length,  the  distal  one  wide  and  rather  dorsal  in  position.  Coxae  of 
the  second  maxillae  broadly  joined  at  middle;  with  the  usual  oval 
opening  toward  the  caudal  end  of  each  side.  Claw  of  palpus  rather 
small,  bearing  along  each  edge  a  fringe  of  about  nine  or  ten  spines. 

Antennae  very  short,  being  but  1.68  times  the  length  of  the  cephalic 
plate.  Flattened;  very  wide  at  base,  then  strongly  narrowed,  espe- 
cially distad  of  about  the  proximal  fourth.  Proximal  articles  very 
short,  much  wider  than  long,  the  more  distal  ones  relatively  longer; 
the  ultimate  article  not  much  differing  in  length  from  that  of  the  two 
preceding  ones  taken  together.  Hairs  very  fine  and  short,  dense 
distad,  becoming  less  so  proximad. 

Prebasal  plate  not  exposed. 

Basal  plate  embracing  the  cephalic.  Very  wide,  with  sides  convex 
and  not  strongly  converging  cephalad;  nearly  one  half  as  long  as  the 
cephalic  plate  (ratio  about  2.1 : 1),  and  very  nearly  three  times  as  wide 
as  long;  finely  and  subdensely  punctate  like  the  head.  Hairs  similar 
to  those  of  the  head  but  considerably  fewer  in  number. 

Claws  of  the  prehensors  when  closed  very  nearly  but  not  wholly 
attaining  the  front  margin  of  the  cephalic  plate;  all  joints  unarmed; 
claws  stout. 

Prostemum  much  wider  than  long,  the  ratio  of  width  to  length 
being  2.25-2.3:1;  longer  than  the  outer  height  of  femur  in  ratio 
25: 14;  subdensely  punctate  as  are  also  the  proximal  articles  of  the 
prehensors.     (Plate  6,  fig.  5). 
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Dorsal  plates  with  a  pair  of  longitudinal  deeply  impressed  sulci  on 
the  middle  portion  and  an  additional  longitudinal  sulcus  farther 
laterad  on  each  side  less  sharply  impressed;  indications  on  some 
segments  also  of  a  shallow  median  longitudinal  median  furrow.  First 
dorsal  plate  considerably  wider  than  the  second  and  at  its  ends  bent 
ventrad  toward  the  base  of  each  leg  and  crenately  incised  on  the 
caudal  side  near  each  corner  (Plate  6,  fig.  4). 

Spiracles  large;  all  elliptic,  the  anterior  ones  being  oblique  but  more 
nearly  horizontal  than  vertical,  becoming  strictly  longitudinal  caudad; 
first  spiracle  not  larger  than  the  second;  those  of  the  caudal  region 
smaller  as  usual.  Suprascutella  large  and  distinct  in  the  posterior 
region  but  absent  in  the  anterior. 

Ventral  pores  in  two  broad  transverse  bands  connected  at  the  ends 
and  thus  forming  a  quadrangle.  Enclosed  area  mostly  with  a  distinct 
transverse  furrow  or  row  of  impressed  spots  or  the  whole  area  rough- 
ened with  irregular  impressions,  in  most  more  deeply  impressed 
longitudinally  at  middle. 

Last  ventral  plate  pentagonal,  the  sides  strongly  converging 
caudad  and  the  caudal  margin  straight.  Marked  with  a  longitudinal 
median  furrow  which  b  not  especially  deep. 

Coxopleurae  rather  large,  coxiform;  longer  than  thick  in  the  direc- 
tion of  thinnest  diameter;  the  trochanter  only  about  one  third  as  long. 

Anal  legs  in  male  considerably  shorter  than  the  penult;  composed 
of  six  articles  ^  which  decrease  in  diameter  regularly  from  base  distad. 
Pairs  of  legs  77. 

Length  88  mm.;  length  of  antennae,  2.2  mm.;  greatest  width  of 
body,  3.3  mm.;  width  of  first  dorsal  plate  L9  nmi. 

Locality, —  State  of  Rio  Grande  do  Norte:  Natal!    (Mann). 

While  this  species  is  close  in  many  features  to  brevUabiatus,  it  is  very 
easily  separated  from  this  wide-spread  form.  It  is  most  readily  dis- 
tinguished by  the  antennae  which  are  much  shorter,  extending  only  to 
the  caudal  end  of  the  basal  plate  or  thereabouts,  whereas  in  hremlabic^ 
ius  they  reach  upon  or  toward  the  caudal  end  of  the  second  pediferous 
segment;  also  the  antennae  are  conspicuously  wider  at  the  base  and 
more  strongly  attenuated  (Plate  6,  fig.  4).  The  dorsal  plate  of  the 
first  segment  is  clearly  different,  being  bent  farther  ventrad  of  ends 
and  being  more  considerably  notched  on  caudal  side  toward  each 
caudolateral  corner.  It  lacks  the  conspicuous  geminate  dorsal  black 
stripe  so  characteristic  of  brenUabiatus, 


1  The  right  leg  of  the  tjrpe  specimen  appears  to  have  been  regenerated.     It  Is 
shorter  than  the  other  and  conslsto  of  but  five  articles. 
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Orphnaeus  brevilabiatus  (Newport). 

Geophilus  brevUabiatua  Newport,  Trans.  Linn.  8oc.  London,  1844,  19,  p.  436. 

Geophilus  lineatus  Newport,  Ibid. 

Geophilus  guiUemini  Grervais,  Insect.  Apt^res,  1847,  4,  p.  311. 

Chomatobius  hrasUianus  Humbert  et  Saussure,  Rev.  mag.  zool.,  1870,  p.  205; 

Miss,  scient.  Mex.,  1872,  p.  146,  pi.  6.  fig.  24. 
Orphnaeus  brasUiensis  Meinert,  Myr.  Mus.  Hauniensis,  1870,  1,  p.  20;  Proc. 

Amer.  philos.  soc,  1886,  23,  p.  232;  Bollman,  Proc.  U.  S.  nat.  mus.,  1888, 

11,  p.  337;   Bralemann,  Mem.  Soc.  Zool.  France,  1900,  18,  p.  92;  Ann. 

Soc.  ent.  France,  1902,  71,  p.  652;  Zool.  anz.,  1903, 26,  p.  178;  Rev.  Mus. 

Paulista,  1903,  6,  p.  71;  Attems,  Zool.  jahrb.  Syst.,  1903, 18,  p.  201;  Cat. 

Myr.  Br^sil,  1909,  p.  5. 
Orphnaeus  brevilabiatus  Pocock,  Joum.  Linn.  soc.  London,  1893,  24,  p.  472; 

Biol.  Centr.  Amer.  Chilopoda,  1895,  p.  40. 
Orphnaeus  brasUianus  nigropictus  Attems,  Loc.  cit.,  p.  203. 

Localities, —  State  of  Rio  Grande  do  Norte:  Ceard-Miriml  (Mann 
and  Heath);  State  of  Parahyba:  Independencial  (Mann  and  Heath) ; 
State  of  Amazonas:  Mandos;  State  of  Par&:  PaHL;  State  of  Pemam- 
buco:  Pemambuco;  State  of  Rio  de  Janeiro:  Rio  de  Janeiro  I. 

NoTiPHiLiDES  Latzel. 

Myr.  (Jst-Ung.  monarch.,  1880,  1,  p.  20;  Zool.  anz.,  1880.  8,  p.  646;  Mein- 
ert, Proc.  Amer.  phil.  soc,  1886,  23,  p.  233;  Attems,  Zool.  jahrb.  Syst., 
1903,  18,  p.  233;  Verhoeflf,  Bronn's  Thierreich,  1908,  6,  p.  292. 

NoTipmuDES  GRANDis  Brolemann. 
Rev.  Mus.  PauUsta,  1903, 6,  p.  71,  pi.  1,  fig.  8-11. 

Locality, —  State  of  Amazonas :  Manfios. 

It  was  possibly  a  specimen  of  this  species  to  which  Cook  gave  the 
name  Heniorya  longissima;  but  as  no  description  of  the  species  is 
given  both  the  generic  and  specific  names,  as  Brolemann  justly  sug- 
gests, stand  purely  as  nomina  nuda. 


Aphilodontidae. 

Mecistauchenus  Brolemann. 

Brasilophilus  Brdlemann,  BuU.  Soc.  ent.  France,  1907,  p.  283.    Verhoeff, 
Bronn's  Thierreich,  1908,  6,  p.  286. 
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Mecistauchenus  micronyx  Brolemann. 

Aphilodon  micronyx  Br6leinann,  Rev.  Mus.  Paulista,  1901,  5,  p.  46;  Cat.  Myr. 

Bi^sil.,  1908,  p.  3. 
Mecistauchenus  micronyx  BrSlemann,  Bull.  Soc.  ent.  France,  1907,  p.  283. 

Locality, —  Brazil  (precise  locality  not  reported). 

Aphilodon  Silvestri. 

Comm.  Mus.  nac.  Buenos  Aires,  1898,  1,  p.  39;  Attem,  Zool.  jahrb.  Syst., 
1903,  18,  p.  215,  283;  Verhoeff,  Bronn's  Thierreich,  6,  p.  279,  282; 
Silvestri,  Boll.  Lab.  zool.  R.  sc.  Agricol.  Portici,  1909. 4,  p.  53. 

Aphilodon  angustatus  Silvestri. 

Rend.  R.  accad.  Lincei,  ser.  5,  18,  p.  269;  Boll.  Lab.  lool.  R.  sc.  Agricol. 
Portici,  1909,  4,  p.  56. 

Locality, —  State   of   Matto   Grosso:    Urucum,    Corumbd.     Also 
reported  from  Paraguay  and  Argentina. 

Mecophilus  Silvestri. 
Rend.  R.  accad.  Lincei,  1909,  ser.  5,  1, 18,  p.  268. 

Mecophilus  neotropicus  Silvestri. 

Rend.  R.  accad.  Lincei,  1909,  ser.  5, 1,  18,  p.  269. 
Locality. —  State  of  Parand:  Iguassti. 


Mecistocephalidae. 

Mecistocephalus  Newport. 

Proc.  Zool.  soc.  London,  1842,  p.  178;   Trans.  Linn.  soc.  London,  1844,  19, . 

p.  276;   Meinert,  Naturh.  tiddskr.,  1870,  ser.  3,  7,  p.  92;    Latzel,  Myr. 

Ost-Ung.  monarch.,  1880,  1,  p.  160;   Meinert,  Proc.  Amer.  philos.  soc., 

1886,  23,  p.  212;  Haase,  Abhandl.  Mus.  Dresden,  1887,  5,  p.  100. 
Lamnonyx  Attems,  Zool.  jahrb.  Syst.,  1903,  18,  p.  210;    Verhoeflf,  Bronn's 

Theirreich,  1908,  6,  p.  273. 
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MEasTOCEPHALUS  PUNCTIFR0N8  Newport. 

Proc.  Zool.  80C.  London,  1842,  p.  179;  Trans.  Linn.  soc.  London,  1844,  19, 

p.  429;  Meinert,  Naturb.  tiddskr.,  1870,  aer.  3,  7,  p.  97;  Chamberlin,  Ent. 

news,  1913,  p.  122. 
Meciatocephalua  guiidingi  Newport,  Loc.  cit.,  p.  429;  Meinert,  Loc.  cit.,  p.  96; 

Latzel,  Mitt.  Mus.  Hamburg,  1895,  12^  p.  101;  Pooock,  Trans.  Linn. 

soc.  London,  1893, 24,  p.  470;  Attems,  Zool.  jahrb.  Syst.,  1903, 18,  p.  209. 
MeciMocephcdus  sulcicoUis  Tomdsvary,  Termes,  fOzetek,  1885,  5,  p.  64. 
Lamnonyx  pundifrona  Attems,  Loc.  cit.,  p.  211. 

Locality, —  State  of  Amazonas :  Man^tos!  (Mann  and  Baker). 

This  appears  to  be  the  first  record  of  the  occurrence  of  a  member  of 
the  Mecistocephalidae  in  Brazil.  The  species  is  common  in  the 
Bermudas  and  West  Ladies.  It  must  logically  be  regarded  as  the 
type  of  Mecistocephalus  proper,  the  other  species  originally  included 
under  this  name  by  Newport  having  been  removed  to  other  genera. 
It  would  seem  that  Newport  did  not  at  the  time  he  erected  the  genus, 
know  or  have  in  hand  any  species  congeneric  with  camiolensis  and  that 
in  consequence  there  appears  no  justifiable  way  of  continuing  the 
prevalent  practice  of  applying  the  name  Mecistocephalus  to  the 
genus  including  these  species. 

As  no  difference,  of  distinctive  value  has  been  pointed  out  between 
punctifrons  and  guildingii  and  as  different  authors  refer  to  American 
specimens  at  times  under  one  and  at  other  times  under  the  other 
name,  I  have  united  the  two  as  one  species  as  was  long  ago  suggested 
by  Meinert.  If  the  form  occurring  in  the  western  hemisphere  shall  be 
found  to  differ  definibly  from  that  of  the  eastern  hemisphere,  it  must 
bear  the  name  guildingii. 


Tygarrup,  gen.  nov. 

Body  widest  near  middle,  attenuated  moderately  cephalad  and 
more  strongly  caudad. 

Head  large.  Cephalic  plate  longer  than  wide,  narrowed  caudad. 
Frontal  suture  present. 

Antennae  long,  filiform. 

Clypeus  proper  large,  triangularly  extending  forward  in  middle 
to  between  antennae,  at  middle  being  three  times  greatest  length  of 
labrum;  clothed  with  few  hairs. 

Labrum  tripartite,  the  median  piece  narrow  and  caudally  one- 
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toothed;  the  lateral  pieces  smooth,  not  longitudinally  striate;  not 
much  bowed. 

From  each  anteroectal  comer  of  labrum  a  suture  extends  obliquely 
cephaloectad,  separating  the  median  from  the  lateral  divisions  of  the 
ventral  portion  of  the  cephalic  plate;  lateral  division  narrowed  caudad, 
the  mesa!  edge  strongly  chitinized  and  extended  cephalad  into  an 
^gular  process  as  in  related  genera. 

Mandibles  with  pectinate  lamellae  only. 

First  maxillae  with  coxae  completely  separated,  though  closely 
appressed  at  median  line.  Inner  branch  clearly  separated  from  coxa; 
subtriangular;  dis tally  prolonged  into  a  conspicuous  membranous 
lobe  which  is  nearly  as  long  as  the  proximal  portion.  Outer  branch 
with  second  and  third  divisions  completely  coalesced;  narrow;  ex- 
tended distally  into  a  long  membranous  lobe  like  that  of  inner  divi- 
sion; no  lappets  present.  Second  maxillae  with  coxae  rather  short; 
coalesced  at  median  line  but  more  narrowly  than  in  Medstocephalus, 
etc.  Pore  of  sidivary  gland  on  ectal  portion  of  coxostemum  near 
middle  of  length,  not  at  'caudal  angle,  the  passage  extending  ectad  to 
lateral  margin.    Palpi  terminating  in  short,  nearly  straight,  claws. 

Prehensors  large,  much  exposed  from  above. 

Claws  extending  beyond  front  margin  of  head.  Some  of  joints 
mesally  armed. 

Basal  plate  narrow. 

Prebasal  plate  not  exposed.    Pleurae  exposed  at  sides  of  basal  plate. 

Dorsal  plates  bisulcate. 

Ventral  pores  absent. 

Last  ventral  plate  subtriangular.    Coxopleurae  large,  porose. 

Anal  legs  with  six  joints  distad  of  coxopleurae;  clawless. 

Anal  pores  present. 

Type. —  T.  intermedius,  sp.  nov. 

This  genus  b  most  closely  related,  apparently,  to  that  embracing 
camioUnsis,  limatus,  etc.  (Mecistocephalus  of  most  authors).  It 
is  diflFerent  chiefly  in  the  following  points: — the  materially  greater 
shortness  of  the  coxopleurae  of  the  second  maxillae  and  particularly 
the  difference  in  position  of  the  salivary  pore,  this  being  at  about 
middle  of  length  and  toward  lateral  margin,  not  at  extreme  caudal 
ang^e  as  in  Mecistocephalus,  etc.;  and  the  lateral  divisions  of  the  lab- 
rum  being  unarmed,  that  is  smooth,  and  not  longitudinally  striate. 
Also  the  hairs  of  labrum  are  much  more  sparse.  From  Mecistocepha- 
lus proper  {punctifrons  Newport,  etc.)  it  may  readily  be  separated 
through  the  absence  of  the  strongly  chitinized  process  or  tooth  on  the 
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ventral  border  of  head  at  anteroectal  end  of  lateral  divbion  and  the 
much  shorter  coxostemum  of  the  second  maxillae  and  difference  in 
position  of  pore;  the  smaller  middle  piece  of  the  labnim;  and  the 
larger  clypeus,  which  extends  cephalad  in  triangular  form  to  near 
level  of  antennae.  It  agrees  with  the  latter  genus  in  the  unarmed 
character  of  the  lateral  pieces  of  the  labrum  and  also  in  the  large  size 
of  the  membranous  lobe  of  the  inner  division  of  the  first  maxillae. 


Tygarrup  intermedius,  sp.  nov. 

Yellowish;  in  type  with  a  pale  median  longitudinal  line  paralleled 
or  limited  on  each  side  by  a  somewhat  darker  stripe  which  is  deepest 
cephalad  and  caudad,  but  these  not  evident  in  younger  specimens. 
Head  and  prostemum  with  prehensors  pale  ferruginous.  Antennae 
and  legs  pale. 

Head  widest  at  level  of  labrum,  conspicuously  narrowed  caudad 
with  posterior  comers  well  rounded;  caudal  margin  straight;  sides 
obUque  and  somewhat  incurved  from  ends  of  frontal  suture  to  ectal 
side  of  base  of  antennae;  anterior  margin  substraight,  narrowly  semi- 
drcularly  excised  at  middle.  Longer  than  wide  in  ratio  100:73. 
Pleural  piece  of  ventral  side  of  head  plate  with  mesal  edge  strongly 
chitinized  and  ending  cephalad  in  a  pointed  process  as  usual  but  with 
no  trace  of  a  tooth  at  cephaloectal  angle.  Clypeal  region  with  hairs 
very  sparse.     Hairs  of  dorsal  surface  small  and  sparse. 

Labrum  with  the  median  piece  very  narrow,  the  sides  of  this  being 
for  most  of  length  nearly  parallel  or  but  little  converging  caudad,  its 
caudal  end  narrowing  to  a  subacute  tooth.  Greatest  length  of  labrum 
(i.  e,  at  ends)  about  one  third  the  median  length  of  the  clypeal  area. 

Inner  branch  of  the  first  maxillae  with  basal  portion  subtriangular 
in  outline;  the  membranous  distal  division  as  long  as  or  nearly  as 
long  as  the  basal,  widening  distad  with  mesal  side  concave  and  the 
ectal  convex.  Outer  branch  narrow,  subcylindric,  narrowing  but 
moderately  to  the  beginning  of  the  long  membranous  distal  divbion 
which  is  as  long  as  the  proximal  division  and  widens  distad  like  that 
of  the  inner  di\asion  which  it  overtops  by  a  short  distance. 

Coxostemum  of  second  maxillae  rather  short;  median  portion 
membranous;  mesocaudal  portion  also  membranous  and  not  sharply 
defined.  Pore  close  to  outer  edge,  to  which  a  passage  from  it  leads, 
and  a  little  caudad  of  middle  of  length,  five  or  six  bristles  forming  a  row 
parallel  with  and  a  little  removed  from  the  anterior  margin  on  each 
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side.  Claw  of  palpus  small  and  pale,  nearly  straight,  with  a  denticle 
on  mesal  side  toward  base. 

Antennae  nearly  2.4  times  longer  than  the  head.  Articles  moderate 
in  length,  decreasing  very  gradually  distad.  Ultimate  article  (in 
mature  specimen)  shorter  than  the  two  preceding  taken  together  in 
about  the  ratio  3 : 4,  in  young  specimens  longer  than  these  two. 

Claws  of  the  prehensors  when  closed  reaching  to  the  end  of  the  first 
antennal  segment.  Claw  without  a  true  tooth  within,  there  being, 
however,  a  slight  low,  roimded,  chitinous  elevation;  intermediate 
joints  unarmed;  prefemur  (femiu*oid)  at  distal  end  on  mesal  side  with 
a  distally  roimded  tooth  projecting  cephalomesad. 

Prostemum  a  little  wider  cephalad  than  caudad;  1.3  times  longer 
than  wide;  1.9  times  as  long  as  length  of  prefemur  on  ectal  side. 
Prostemum  bearing  on  anterior  margin  each  side  of  mesal  incision  a 
basally  broad,  conical  tooth.  Mesal  incision  with  sides  almost  parallel^ 
roimded  at  bottom.  Basal  plate  a  Uttle  overlapped  both  by  head  and 
by  first  dorsal  plate;  twice  as  wide  as  long;  ratio  of  width  at  caudal 
end  to  that  at  anterior  end  as  45: 34;  head  about  4.5  times  longer. 

Prescuta  of  posterior  and  median  region  short;  those  of  anterior 
region  very  short. 

Anterior  ventral  plates  with  a  deep  median  longitudinal  sulcus  on 
caudal  part  and  ending  at  about  middle  of  plate  in  the  angle  of  a  short 
v  or  U-shaped  impression,  the  arms  of  which  diverge  cephalad.  This 
median  sulcus  becomes  gradually  weaker  caudad,  fading  out  and 
disappearing  near  the  twenty-first  segment,  the  u-shaped  impression 
disappearing  farther  cephalad. 

Spiracles  circular,  rather  large;  first  one  largest,  with  the  third 
considerably  smaller  and  the  second  intermediate,  the  other  decreas- 
ing gradually  caudad  as  usual. 

First  pair  of  legs  greatly  reduced,  being  only  about  two  thirds  the 
length  of  the  second  ones  and  much  more  slender.  Anterior  and 
posterior  pairs  not  sensibly  differing  in  length  or  thickness. 

Last  ventral  plate  triangular  or  shield-shaped,  the  sides  being 
convex;  narrowly  truncate  at  caudal  apex. 

Coxopleurae  moderately  enlarged;  each  with  two  large  pores 
partially  covered  by  the  ventral  plate  and  over  free  ventral  and  lateral 
surface  with  regularly  spaced,  moderately  numerous,  smaller  pores 
but  these  larger  and  fewer  than  those  of  Mecistocephalus,  etc. 

Anal  legs  much  longer  than  the  penult  but  proportionately  slender. 
Hair  moderate  in  size,  subsparse.  Ultimate  article  narrowed  distad, 
terminating  in  an  obscure  membranous  tip. 
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Length  of  type,  cir.  18  mm. 

Locality, —  British  Guiana  (taken  at  Washington,  D.  C,  in  pots  of 
plants  imported  from  that  country). 
One  adult,  or  neariy  adult,  and  three  adolescent  specimens. 


Geophilidae. 

The  new  genus  and  species  described  below,  and  RibaiUia  boutfieri 
Brolemann  from  the  Carsevenne  are  the  only  representatives  of  this 
family,  in  the  strict  sense,  at  present  known  to  occur  within  Brazil. 
Both  genera  belong  to  Chilenophilinae.  Here  also  belongs  Taiyuna, 
<A  which  a  representative  from  British  Guiana  is  described. 


ScHizoNAMPA,  gen.  nov. 

Frontal  suture  not  evident.  Basal  plate  wide;  overlapped  by  the 
cephalic  plate.    Antennae  filiform.    Dorsal  plates  bisulcate. 

Labrum  free;  tripartite;  the  median  piece  of  moderate  size,  tri^ 
angular,  with  the  free  edge  armed  with  teeth;  lateral  pieces  fringed 
with  more  slender,  spinescent  processes. 

Outer  process  of  first  maxillae  uniarticulate;  bearing  well-developed 
membranous  lappets.  Inner  branch  seemingly  set  off  by  suture; 
Coxae  fused  at  middle. 

Second  maxillae  with  coxae  almost  completely  separated  at  mid- 
dle, the  connection  being  narrow  and  membranous.  Pleufostemal 
sutures  strongly  developed.  Palpus  triarticulate,  terminating  in  a 
large  simple  claw.  Femur  bearing  at  distoectal  comer  a  str<mgly 
chitinized  acute  process;  tibia  also  bearing  a  similar  process  in  a 
nearly  corresponding,  or  slightly  more  dorsal  position.  (Plate  6, 
fig.  6). 

Prehensorial  feet  large,  conspicuously  exposed  from  above,  and 
extending  well  beyond  the  front  margin  of  the  head;  dentate  within. 

Prostemum  without  distinctly  developed  chitinous  lines.  Basal 
plate  trapeziform;  wide. 

Ventral  pores  not  evident. 

Last  ventral  plate  wide.  Coxopleural  pores  appearing  as  two  large 
pits  on  each  side. 

Anal  pores  not  evident  (in  type). 

Anal  legs  with  seven  joints  dbtad  of  the  coxopleura,  the  smaD 
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terminal  article  not  bearing  a  claw.  The  extra  article  of  the  anal 
legs  is  at  least  strongly  simulated  on  all  the  other  legs,  but  especially 
the  more  posterior  ones,  by  a  contracted  terminal  division  of  the 
tarsus  which  for  the  most  part  is  clearly  distinct.     (Plate  6,  fig.  7). 

Genotype. —  Sckizonampa  manni,  sp.  nov. 

This  interesting  genus  is  the  second  of  the  Chilenophilinae  to  be 
reported  from  Brazil,  Ribautia  being  the  first.  Taiyuna,  recorded 
from  British  Guiana,  is  the  only  other  representative  of  the  group 
at  present  known  from  South  America. 

Schizonampa  may  readily  be  separated  from  the  other  known 
genera  of  the  Chilenophilinae  lacking  a  claw  on  the  anal  legs  and 
having  the  small  additional  distal  article  as  shown  in  the  following 
key. 

Key  to  Genera  of  Section  embracing  Schizonampa. 

a.    Ventral   pores  present;    distomesal  angle  of  coxa  of  second 
maxillae  prolonged;  first  maxillae  without  lappets. 

Prosckizotaenia  Silvestri. 

«a.    Ventral  pores  absent;    distomesal   angle  of   coxa  of   second 

maxillae  not  prolonged;  first  maxillae  with  lappets. 

b.    Pores  occurring  as  two  large  pits  on  each  coxopleura;  femur 

and  tibia  of  second  maxillae  prolonged  into  an  acute,  strongly 

chitinized  process  at  distoectal  angle . .  Schizonampa,  gen.  nov. 

bb.    Coxopleural  pores  small  and  isolated;  tibia  Qot  prolonged  at 

distoectal  angle. 

c.    First  maxillae  with  two  long  membranous  lappets  on  each 

side WatophUiis  Chamberlin. 

cc.    First  maxillae  with  but  a  single  lappet  on  each  side,  this 
being  borne  on  the  femur AUoschizotaenia  Brolemann. 

Schizonampa  manni,  sp.  nov.  • 

Slender;  sides  of  body  nearly  parallel  over  most  of  length,  but 
conspicuously  attenuated  at  caudal  end  and  moderately  attenuated 
toward  head.  Body  sparsely  hirsute  with  short  hairs;  hairs  of  legs 
few,  those  present  commonly  arranged  mostly  toward  the  distal  ends 
of  articles. 

Color  of  body  very  pale,  whitish  yellow,  the  yellow  being  very  dilute. 
Head  with  basal  plate,  prostemum,  and  prehensors,  darker,  somewhat 
Bght  orange  or  dilute  ferruginous;  the  antennae  also  similar. 
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Cephalic  plate  much  longer  than  wide  (ratio  about  4:29)  narrowest 
cephalad;  a  little  constricted  in  front  of  region  where  frontal  suture 
would  be  if  present,  between  which  level  and  the  caudal  comers  the 
sides  are  substraight  or  only  very  slightly  convex;  hairs  sparse  and 
mostly  short  or  very  short.    Frontal  plate  not  discrete.     (Plate  6, 

fig.  1). 

Antennae  short,  being  only  1.9  longer  than  the  cephalic  plate; 
attenuated.  Articles  mostly  short,  decreasing  in  size  distad,  those 
between  the  fifth  and  the  ultimate  being  especially  short;  ultimate 
article  longer  than  the  two  preceding  taken  together.  Hairs  on  the 
first  four  or  five  articles  moderate  in  length,  sparse,  those  of  the 
more  distal  articles  considerably  shorter  and  more  dense.  (Plate  6, 
fig.  1). 

Basal  plate  trapeziform  as  usual;  much  overlapped  by  the  cephalic 
plate  as  also  by  the  first  succeeding  tergite.  Exposed  portion  very 
short,  at  the  median  line  being  but  one  eighth  as  long  as  the  cephalic 
plate  and  being  about  4.5  or  4.6  times  wider  than  long.  (Plate  6, 
fig.  1,2). 

Clypeal  region  without  any  porose  area;  areolae  distinct  and  uni- 
form excepting  for  a  median  area  on  the  anterior  portion  in  which  the 
areolae  are  conspicuously  reduced  in  size  and  on  which  four  hairs  are 
borne,  the  clypeal  region  being  elsewhere  glabrous. 

Median  piece  of  labrum  rather  large,  triangular,  bearing  along  the 
free  margin  five  large  acute  and  strongly  chitinized  teeth;  lateral 
pieces  with  a  fringe  or  more  numerous  slender  spinescent  processes. 
(Plate  6,  fig.  4). 

First  maxillae  bearing  ectally  on  each  side  one  moderately  long 
membranous  lappet.  Coxostemum  mesally  incised,  but  the  coxae 
well  fused  for  most  of  length  of  contact.     (Plate  6,  fig.  5). 

Coxae  of  second  maxillae  almost  completely  separated,  there  being 
only  caudally  a  pale  membranous  connecting  bridge.  Pleurostemal 
sutures  strongly  developed.  Coxa  not  at  all  produced  at  mesodistal 
angle.  Femur  and  tibia  bearing  at  distoectal  angles  a  distinct,  acute, 
well  chitinized  process,  that  of  the  tibia  being  somewhat  more  dorsal 
in  position  than  that  of  the  femur.  Cfaw  large  and  simple.  (Plate  6, 
fig.  6). 

Claws  of  the  prehensor  when  closed  extending  much  beyond  the 
anterior  margin  of  the  cephalic  plate;  attaining  the  distal  end  of  the 
second  antennal  article.  Claw  not  crenulate;  armed  at  base  with  a 
stout  tooth  which  is  subtruncate  distally.  Intermediate  articles 
without  trace  of  teeth,  but  the  femur  bearing  on  mesal  side  toward 
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distal  end  a  stout,  bluntly  rounded,  tooth  and  abo  bulging  in  a 
small  well-rounded  eminence  near  the  proximal  third  where  there  is 
indication  of  a  suture  such  as  is  frequently  present  (apparently  of 
trochanter). 

Lateral  margin  of  prosternum  parallel  for  most  of  their  length,  in- 
ciurving  only  toward  caudal  ends.  Prosternum  a  very  little  wider 
than  long  (ratio  cir.  18:17);  longer  than  the  femur  on  outer  side  in 
about  ratio  17:11;  anterior  margin  bearing  two  low  and  rounded, 
strongly  chitinous,  teeth;  hairs  very  sparse.    (Plate  6,  fig.  3). 

The  paired  sulci  of  the  tergites  distinct;  in  addition  to  these  a 
median  longitudinal  sulcus  may  be  evident  in  the  anterior  region. 
Prescuta  very  short  in  the  anterior  region,  becoming  moderately  long 
in  the  median  and  posterior  regions.     Hairs  mostly  very  short. 

Spiracles  all  circular.  The  first  one  distincdy  larger  than  the 
second,  the  others  gradually  decreasing  caudad  as  usual. 

First  pair  of  legs  reduced,  being  shorter  and  decidedly  more  slender 
than  the  second.  Posterior  pairs  of  legs  relatively  but  very  little  more 
slender  than  the  anterior  ones.  A  small  third  tarsal  division  simulat- 
ing or  corresponding  to  the  extra  one  of  the  anal  legs  is  evident  on  all 
legs  but  especially  the  more  posterior  pairs;  it  is  short  and  consider- 
ably more  slender  than  the  preceding  one. 

Anterior  ventral  plates  with  a  rather  deeply  impressed  median 
longitudinal  sulcus  which  extends  entirely  across  the  plate.  First 
ten  or  eleven  stemites  produced  caudad  into  a  wide  triangular  process 
or  lobe  which  fits  into  a  recess  in  the  anterior  border  of  the  succeeding 
plate  in  each  case.     Ventral  pores  not  detected. 

L#ast  ventral  plate  very  wide;  trapeziform,  the  sides  slightly  convex 
anteriorly  but  substraight  for  most  of  length,  strongly  converging 
caudad;  caudal  margin  straight.     (Plate  6,  fig.  7).  I 

Coxopleural  pores  consisting  of  two  large  pits  on  each  side;  of 
these  pits  the  anterior  one  each  side  is  wholly  covered  by  the  ventral 
plate  and  the  caudal  one  is  covered  excepting  for  a  small  portion. 
(Plate  6,  fig.  7). 

Anal  legs  much  longer  than  the  penult;  slender  in  the  female. 
Second  joint  of  tarsus  long  and  slender;  the  third  very  short  and 
abruptly  more  narrow.  (Plate  6,  fig.  7).  Pairs  of  legs  in  the  type 
thirty-seven. 

Lcoigth  13  mm. 

Locality. —  State  of  Par& :  Par& !   (Mann  and  Baker) . 

One  female  specimen  was  secured. 
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RiBAUTiA  Brolemann. 
Arch.  tool.  exp.  et  gen.,  1909,  aer.  5, 8,  p.  335. 

RiBAUTiA  BOUViERi  Brolemaiui; 

Bull.  Mu8.  hist,  nat.,  1909,  p.  7,  fig.  1^26. 

Locality, —  State  of  Amazonas:  Brazilian  Guiana,  on  the  upp^ 
Carsevenne  or  Cal^oene  (Geay,  collector). 


Taiyuna  Chamberlin. 

Pomona  college  jour,  ent.,  1912,  4,  p.  661. 

This  genus  was  previously  known  only  from  California  and  Arixooa 
in  which  states  three  species  are  known  to  occur. 


Taiyuna  australis,  sp.  nov. 

Color  yellow,  of  weak  orange  tinge  cephalad.  Head  and  prehensors 
darker,  brown.    Antennae  similar  to  head,  but  paler  distad. 

Body  attenuated  cephalad,  more  strongly  so  caudad;  moderately 
robust. 

Head  widest  a  little  caudad  of  level  of  labrum  from  where  the  sides 
converge  a  little  and  are  straight  to  the  rounded  posterior  comers  and 
ako  converge  slightly  cephalad  to  the  similarly  rounded  anterior 
comers;  posterior  margin  widely,  somewhat  flatly,  convex;  anterior 
margin  with  each  side  straight,  extending  from  comer  a  little  cephalad 
of  mesad  to  the  middle  where  there  is  a  distinct  notch.  In  type  the 
head  is  1.38+  times  longer  than  wide. 

Inner  branch  of  first  maxilla  terminating  in  an  auriculiform  mem- 
branous lobe  at  distoectal  comer;  bearing  3  to  5  bristles.  Distal 
joint  of  outei^  branch  long,  apically  rounded  with  the  dorsoectal  edge 
strongly  chitinized;  bearing  about  six  bristles;  membranous  lappets 
long  and  spinulose,  the  distal  one  larger  than  the  proximal,  and  ex- 
tending much  beyond  distal  end  of  the  outer  branch. 

Coxae  of  second  maxillae  united  at  middle  merely  by  a  narrow  mem- 
branous bridge;  more  strongly  chitinized  along  edge  below  dbto- 
mesal  angle  at  which  there  is  no  trace  of  a  process.    Pleurostemal 
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suture  strongly  marked  as  usual;  salivary  pore  opening  through  iJ^e 
mesal  border  toward  the  anterior  end  in  the  usual  way.  Joints  of 
palpus  all  without  processes;  femuroid  narrowed  proximally;  claw 
small,  simple. 

Antennae  short,  1.8  times  as  long  as  head;  attenuated.  Articles 
decreasing  uniformly  in  length  from  the  first  to  the  penult;  ultimate 
article  about  equal  in  length  to  the  two  preceding  ones  taken  together. 
Hairs  of  proximal  articles  sparse,  distally  becoming  shorter  and  finer 
and  more  dense. 

Claws  of  prehensorial  feet  when  closed  reaching  to  or  a  little  beyond 
distal  end  of  first  antennal  joint;  stout.  Claw  armed  at  base  with 
a  small,  distally  roimded  tooth.  Intermediate  joints  with  slight,  low 
and  broad,  chitinous  dentides.  First  joint  toward  distal  end  and  a 
little  proximad  of  the  comer  with  a  thick  roimded  tooth. 

Anterior  margin  of  prostemum  unarmed;  mesal  incision  very  slight^ 
semicircular.  Prostemum  wider  than  long  in  ratio  64:59;  1.64  times 
as  long  as  outer  length  of  prefemur;  sides  straight,  only  slightly  con- 
verging from  anterior  end  to  the  roimded  caudal  comers. 

Basal  plate  trapeziform,  strongly  narrowed  cephalad;  sides  slightly 
convex  caudad  and  slightly  concave  cephalad.  2.9  times  as  wide  as 
median  length,  l  as  long  as  head.  Overlapped  both  by  cephalic  and 
by  first  dorsal  plate;  the  length  of  exposed  portion  to  total  length 
inclusive  of  covered  ends  as  3: 4.  Plate  as  a  whole  about  1.85  times 
wider  than  long. 

Anterior  prescuta  short,  those  of  middle  region  becoming  long 
and  exceeding  half  the  length  of  the  major  scuta,  those  of  caudal 
region  again  short.    Hairs  short  and  sparse. 

Eight  or  ten  of  the  first  ventral  plates  with  a  triangular  lobe  on 
caudal  border  fitting  into  an  excavation  in  the  succeeding  plate. 
Plates  smooth,  without  pronounced  furrows,  or  in  some  showing  a 
shallow  median  longitudinal  depression. 

Spiracles  large,  circular,  or  with  the  anterior  ones  very  slightly 
longer  dorsoventrally.  First  spiracle  much  exceeding  the  second  in 
size,  the  others  gradually  decreasing  caudad. 

Legs  of  first  pair  a  little  more  slender  than  the  second,  only  slightly 
shorter.  Anterior  and  posterior  pairs  not  at  all  or  but  little  differing 
in  length  and  robustness. 

Last  ventral  plate  narrow;  sides  at  first  but  slightly  converging 
caudad,  but  more  decidedly  so  toward  posterior  comers;  caudal 
margin  subtruncate.    Depressed  along  the  median  longitudinal  line. 

Coxopleura/e  moderately  inflated;   ventrally  pierced  by  about  14 
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or.  16  pores,  part  of  which  are  arranged  along  and  partly  covered  by 
the  last  ventral  plate;  a  pore  somewhat  larger  than  the  others  b 
isolated  midway  between  the  most  caudal  of  the  other  pores  and  the 
distal  end  of  coxopleura. 

Anal  legs  moderately  long;  slender,  the  joints  decreasing  in  diame- 
ter from  the  femur  distad;  second  tarsal  joint  moderately  attenuated 
distad  and  bearing  a  very  small  and  slender  but  distinct  claw. 

Length  about  42  mm. 

Locality, —  British  Guiana.  (Taken  at  Washington,  D.  C,  in 
pots  of  plants  imported  from  that  country). 


LITHOBIOMORPHA. 

LiTHOBIIDAE. 

LfTHOBius  Leach. 

Trans.  Linn.  soc.  London,  1814,  11,  p.  381;  Latzel,  Myr.  Ost-Ung.  monarch., 
1880,  1,  p.  31;  Meinert,  Proc.  Amer.  philos.  soc,  1886,  23.  p.  174;  Ver- 
hoefif,  Bronn's  Thierreich,  1907,  5,  p.  239. 

LiTHOBIUS  FORFICATUS   (Liim^. 

Scolopendraforficata  Linn6,  S3r8t.  nat.  ed.  10, 1758, 1,  p.  638. 

LUhobiu^  farficalm  Stuxberg,  Ofvers.  Kong.  vet.  akad.  Forh.,  1875,  p.  27; 

Fedrizzi,  Atti  Soc.  Ven-Trenk..  1875,  5,  p.  205;   Latzel,  Myr.  Ost-Ung. 

monarch.,  1880, 1,  p.  57;  Meinert,  Proc.  Amer.  philos.  soc,  1886, 23,  p.  176. 
Lithobiiis  parvolus  Fedrizzi,  Loc.  cit.,  p.  213. 
lAihobius  trUineatus  Brolemann,  Cat.  Myr.  Br^sil.,  1908,  p.  33. 
(For  extended  synonymy  and  bibliography  cf.  Stuxberg,  Loc.  cit.). 

Locality, —  Recorded  from  Brazil  as  Lithobius  trUineatus,  the  type 
being  the  only  record  of  the  species  or  genus  from  the  coimtry.  It  was 
probably  introduced. 

SCUTIGEROMORPHA. 

SCUTIGERIDAE. 

PsELUOPHORA  Verhocff. 

8its.  Gesellsch.  nat.  freunde  Berlin,  1904,  p.  259;  Bronn's  Thierrmch,  1907» 
5,  p.  230. 
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PssLUOPHOHA  NiGBOViTTATA  (Meinert). 

SeuUgera  nigraviUata  Meinert,  Proc.  Amer.  philos.  soo.,  1886,  28,  p.  173;  Po« 
cock,  Biol.  Centr.  Amer.,  1895,  p.  650;  BrGlemann,  Ann.  Soo.  ent.  France, 
1902,  71,  p.  650;  Bidlemann,  Gat.  Myr.  Br6ail,  1908,  p.  34. 

Localities. —  State  of  Rio  Grande  do  Norte :  Natal !  ( W.  M.  Mann. 
Numerous  specimens);  State  of  Parahyba:  Independenda!  (Mann 
and  Heath);  State  of  Matto  Grosso:  Madeira-Mamore  R.  R.  camp 
41,  on  the  Rio  Madeiral  (W.  M.  Mann);  State  of  Bahia:  Santo  An- 
tonio da  Barra);  Also  Brazil^  without  special  locality  (M.  C.  Z.). 
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PLATE  1. 
Cryptapa  heathi  Ghamberlm. 

1.  Dorsal  view  of  head  and  first  dorsal  plate. 

2.  Prostemum  and  prehenson. 

3.  Anal  leg. 

Mimopa  occidentalUf  Chamberlin. 

4.  Dorsal  view  of  head  and  first  dorsal  plate. 

5.  Prostemum  and  prehensorial  feet. 

6.  Last  dorsal  plate. 

7.  Last  ventral  plate  and  coxopleurae. 
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PLATE  2. 
Neufporiia  langitarM  sylvae  Chamberlin. 

1.  Donal  view  of  head  and  first  dorsal  plates. 

2.  Anal  legs  with  distal  articles  of  tarsus  omitted. 

Neufporiia  paroerwis,  ChamberUn. 

3.  Anal  leg. 

Newportia  anuuonica  BrGlemaon. 

4.  Lateral  view  of  distal  end  of  tarsus  showing  claw. 

Newportia  emsti  Pooock. 

5.  Lateral  view  of  distal  end  of  tarsus  showing  chitinous  point  or  rudimentary 

claw  occasionally  present  in  some  individuals. 

Otostigmua  tiditu  Chamberlin. 

6.  Prostemum  and  prehensors. 

7.  Last  dorsal  plate. 

8.  Last  ventral  plate. 

Cupipes  amazonae  Chamberlin  (of.  Plate  8). 
9     Last  ventral  plate  and  coxopleurae. 
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PLATES. 
(HodigmMa  atmuonae  ChamlMrim. 


1.  Lart  Toitnd  plftte. 

2.  Lart  doTBAl  plate. 


Oiodigmus  tmhu  Qiamberiiiu 


8.    Lart  TOitnd  plate. 
4.    Lart  doraal  plate. 


Cupipet  amamomtm  Ghamberiin  (of.FlaleS). 

5.  Pttwtemum  (in  part  and  prehenaon). 

6.  Distal  portkm  of  anal  leg  showing  daw,  etc. 


Cupipn  fi^ptocftit  Qiamberim* 

7.  Ptoeteipum  (in  part)  and  prehensors. 

8.  Last  yentral  plate  and  coxopleurae. 
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PLATE  4. 
Schendylvrus  perdUu8  Chamberlin. 

1.  Cephalic  region,  dorsal  view. 

2.  Cephalic  region,  ventral  view. 

3.  Caudal  region,  ventral  view. 

4.  Antenna  (on  same  scale  of  magnification  as  fig.  1, 2). 

Schendylurua  bakeri  Chamberlin. 

5.  Cephalic  region,  dorsal  view. 

6.  Cephalic  region,  ventral  view. 

7.  Caudal  region,  ventral  view. 

8.  Antenna  (on  same  scale  of  magnification  as  fig.  5, 6) . 
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PI^\TE  6. 
Adenoschendyla  parahyhae  Chamberlin. 


1.  Cephalic  region,  dorsal  view. 

2.  Cephalic  rejpon,  ventral  view. 

3.  Caudal  regions,  ventral  view. 


Orphnaeu8  brannen  Chamberlin. 


4.  Cephalic  region,  dorsal  view. 

5.  Cephalic  region,  ventral  view. 

6.  Caudal  region,  ventral  view. 
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PLATE  6. 

Schizonampa  manni  Chamberlin. 

1.  Cephalic  region,  dorsal  view. 

2.  Outline  showing  relations  of  basal  plate. 

3.  Prehensors,  ventral  view. 

4.  Labrum. 

5.  First  pair  of  maxillae. 

6.  Second  maxillae. 

7.  Caudal  region,  ventral  view. 
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BB8TTLT8  07  A  BTATISTIOAL  STUDT  07  VARIATION  IK  THE  BLUE 

BHBLL8  07  PECTEH  KUOLEUB  lEBADIAHB  POUND  AT 

ATLANTIC  OITT,  H.  J. 


BY  HABOLD  S.  COLTON. 


Upon  the  beach  of  the  Atlantic  shore  of  New  Jersey  are 
found  dead  shells  colored  blue  by  clay  particles  infiltered 
into  the  shell.  These  shells  have  obviously  been  buried  in 
the  mud  or  clay  of  the  bottom,  out  of  which  they  have  been 
washed  by  the  surf. 

In  collecting  shells  from  along  the  beach  at  Atlantic  City 
in  1904,  the  author  fancied  that  the  blue  Lunatia  heros  dif- 
fered in  shape  from  the  uncolored  ones. 

Not  having  sufficient  material  with  which  to  base  a  con- 
clusion, he  returned  in  the  Spring  to  Atlantic  City  to  collect 
Lunaiia.  Although  in  January  they  were  abundant,  now 
not  a  single  one  could  be  found.  At  once  it  was  seen  that 
Pecten  would  be  a  much  more  favorable  form  on  which  to 
work,  as  it  was  abundant  and  the  ribs  of  the  shell  would  be 
ea^  to  count,  therefore  a  few  hundred  of  white  and  blue  ones 
were  collected. 

In  the  course  of  time  the  writer  happened  to  mention  to 
Dr.  E.  F.  Phillips,  the  present  chief  of  the  Bureau  of  Api- 
culture at  Washington,  on  what  material  he  was  working. 
Dr.  Phillips  became  interested,  and  in  1905  a  joint  trip  to 
the  coast  was  made  and  over  five  hundred  blue  right  valves 
of  Pecten  were  collected  near  Ventnor. 

The  ribs  of  these  were  counted,  applying  the  arbitrary 
rules  of  Davenport  (1900).  The  number  of  ribs  of  each 
shell  was  counted  independently  and  compared.  When  there 
was  a  difference  of  opinion  the  ribs  were  recounted,  and  no 
record  was  made  until  both  agreed. 

This  study  was  not  completed  and  therefore  not  published. 
While  sufficient  blue  ones  were  at  hand,  not  enough  white 
ones  (representing  the  form  of  Pecten  now  living)  were  col- 
lected for  comparison.  However,  in  looking  over  the  results 
it  seemed  that  it  might  be  of  interest  to  publish  them  as  they 
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stand  and  let  some  one  else  take  up  the  problem  and  bring  it 
to  a  conclusion. 

In  some  places  along  the  Atlantic  coast  of  New  Jersey  are 
exposed  at  low  tide  stumps  of  trees  and  also  such  turf  as  is 
now  forming  in  the  meadows  behind  the  line  of  sand  dunes. 
By  this  we  can  infer  that  the  coast  line  is  sinking.  This 
being  the  case,  the  dunes  are  progressing  inland,  covering  up 
the  meadow  turf  and  exposing  it  again  in  the  ocean  beach. 
Between  the  dunes  and  the  mainland  is  oftentimes  a  bay  or 
a  channel.  This  bay  or  channel  has  a  muddy  bottom  as  a 
rule  and  there  the  Pecten  lives.  As  the  dune  line  pro- 
gresses forward  the  meadow  encroaches  on  the  bay,  burying 
the  dead  shells  of  the  Pecten  which  are  later  exposed  by  the 
action  of  the  surf  and  cast  on  the  beach  after  the  dune  line 
has  passed  over  them. 

It  would  be  interesting  to  test  if  such  a  theory  were  correct 
and  note  the  direction  of  the  evolution  of  the  Pecten  or  other 
form  during  the  time  that  they  were  buried. 

An  examination  of  well  borings  made  in  the  beach  might 
help  throw  light  upon  this  point. 

Experiments  also  might  be  made  as  to  the  rate  of  infiltra- 
tion of  the  clay  particles  into  the  shell  which  may  be  rapid. 
The  author  made  sections  of  the  shells.  These  sections  show 
that  the  clay  has  penetrated  the  shell  to  the  center,  the  pesjAy 
layer  alone  excepted. 

With  the  geologic  evidence  from  well  borings,  with  the 
experimental  evidence  from  the  rate  of  infiltration  of  the  day 
particles  and  the  comparis(m  of  the  variation  of  the  blue 
forms  with  those  now  living,  a  conclusion  might  be  drawn  as 
to  the  direction  of  evolution  in  Pecten. 

In  the  table  which  follows,  N  =  the  number  of  shells  the 
rays  of  which  were  counted, — ^A  =  the  mean,— <r  the  stand- 
ard deviation  from  the  mean, — C  =  the  coefficient  of  varia- 
tion,— ^and  P.  E.  the  probable  errors  of  the  mean,  the  stand- 
ard deviation,  and  the  coefficient  of  variation.  These  have 
been  computed  by  the  ordinary  methods.  With  them  in 
lower  case  are  placed  similar  counts  made  by  Davenport 
(1900)  on  Pecten  irradians  from  several  other  localities. 
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33 

96 
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4 
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281 

16.63 

1.034 

.862 

1  .024 

6.16 

1.16 

Fire  and  Oak 

Islands     .    . 

1 

6 

15 

24 

4 

• 

• 

60 

16.48 

1.084 

.877 

1  .060 

These  comparisons  show  that  the  average  number  of  ribs  of 
the  blue  Pecten  at  Atlantic  City  is  less  than  the  same  species 
at  Cold  Spring  Harbor  but  about  the  same  as  at  Fire  Island 
and  Cutch(^ne.  That  they  are  more  variable  than  any  of 
these  that  Davenport  reported  is  also  shown  by  the  statistics. 
To  determine  the  significance  of  these  differences  will  require 
much  more  work. 

The  author  wishes  to  thank  Dr.  E.  F.  Phillips  for  his  share 
in  the  work,  and  also  for  first  introducing  him  to  modem 
statistical  methods. 
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PHYSIOLOGICAL  STUDIES  ON  CERTAIN  PROTOZOAN  PARASITES  OF 

DIADEM  SETOSUM. 


By  Mbrkel  H.  Jacobs. 


INTRODUCTION. 

It  has  been  shown  by  the  author  and  others  that  different  species  of 
protozoa  have  certain  physiological  characteristics,  often  almost  as  striking 
as  their  morphological  ones,  and  which  are  probably  of  considerable  signifi- 
cance in  the  interpretation  of  their  habits  of  life  and  their  relation  to  their 
environment.  The  study  of  such  characters  in  the  past  has  been  greatly 
neglected  on  account  of  the  general  belief  of  biologists  that  they  are  exceed- 
ingly inconstant  and  subject  to  modification  by  external  factors  and  there- 
fore of  little  value  in  an  imderstanding  of  the  fundamental  nature  of  the 
organisms  possessing  them.  Previous  attempts  to  detect  characteristic 
physiological  differences  between  different  forms  have  for  the  most  part 
been  confined  to  organisms  whose  general  habits  of  life  are  so  dissimilar  as 
to  leave  room  for  the  objection  that  the  differences  observed  may  have  been 
due  merely  to  the  effect  on  the  animals  of  the  different  environments  to 
which  they  have  been  accustomed  and  not  to  any  innate  peculiarities  of  the 
organisms  themselves. 

It  occurred  to  the  author  as  desirable  to  test,  if  possible,  a  series  of  forms 
which  naturally  live  under  essentially  the  same  environmental  conditions, 
and  which  may  be  assumed  to  have  done  so  for  many  past  generations,  in 
order  to  see  whether  they  show  greater  likenesses  than  a  number  of  forms 
selected  at  random,  or  whether  each  has  preserved  its  individuality  in  spite 
of  the  similarity  of  its  environment.  In  the  case  of  a  number  of  parasitic 
protozoa  living  together  in  the  same  organ  of  the  same  host,  we  have  a 
favorable  opportunity  for  such  a  study.  Even  here  we  can  not  assume 
that  each  form  has  exactly  the  same  environment,  but,  there  can  be  no 
question  that  this  environment  is  far  more  similar  than  that  of  a  number  of 
selected  free-living  forms.  Furthermore,  in  order  to  become  parasites  of  the 
same  host  the  nature  of  the  forms  in  question  must  have  been  more  or  less 
changed.  In  the  case  of  intestinal  parasites,  for  example,  it  would  be 
necessary  for  them  to  acquire  a  resistance  to  the  digestive  juices  of  the 
host  and  to  become  accustomed  to  a  more  or  less  anaerobic  habit  of  life,  etc. 
Such  changes  would  necessarily  be  in  the  same  direction  for  all  of  them. 
If,  therefore,  a  number  of  parasitic  forms,  which  have  had  to  meet  and  adapt 
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themselves  to  the  same  new  conditions  and  live  under  them  together  for 
thousands  of  generations,  still  show  as  characteristic  physiological  diflfer- 
ences  as  free-living  forms,  it  is  good  evidence  of  the  fundamental  nature  of 
these  differences.  Is  such  the  case?  The  present  paper  is  a  preliminary 
consideration  of  this  question.  The  work  on  which  it  is  based  was  per- 
formed at  the  Tortuga*  Laboratory  of  the  Carne{ie  Institution  of  Wash* 
ington  during  the  summer  of  J910, 

MATERIAL. 

The  material  used  in  these  jeicperiments  consisted  of  four  species  of  ciliate 
protozoa  obtained  from  the  alimentary  tract  of  the  large  black  sea-urchin, 
Diadema  setosum,  which  can  be  procured  in  practically  unlimited  quantities 
from  the  coral  reefs  about  the  Tortugas.  This  form  is  particularly  favorable 
as  a  source  of  material,  not  only  on  account  of  its  abundance  but  on  account 
of  the  high  percentage  of  infection  shown  by  it  with  respect  to  the  protozoa 
in  question.  Out  of  over  100  adult  Diademas  examined  during  the  progress 
of  the  work,  not  a  single  one  failed  to  show  one  or  more  kinds  of  protozoa  in 
the  intestine,  which  often  fairly  swarmed  with  them.  Doubtless  the  large 
size  of  the  intestine,  its  pouch-like  recesses  in  which  stagnation  of  the  food 
can  occur,  and  the  character  of  the  food  itself  are  factors  favoring  the  pres- 
ence of  protozoan  parasites  or,  perhaps  more  correctly,  protozoan  commen- 
sals, since  none  of  the  forms  in  question  seem  to  be  injurious  to  the  host  or 
to  live  at  its  expense,  except  in  so  far  as  they  use  up  a  small  portion  of  its 
practically  unlimited  supply  of  food. 

The  forms  studied  were  of  four  kinds.  Since  apparently  none  of  them 
have  been  previously  described  or  named,  they  are  for  convenience  desig- 
nated in  the  account  that  follows  by  the  letters,  -4,5,  C,  and  D.  Of  the 
four,  B  is  the  most  regular  in  its  occurrence,  having  been  found  in  100  per 
cent  of  the  adult  Diademas  examined.  It  is  a  large,  heterotrichous  form 
allied  to  Metopus,  with  a  hook-like  anterior  end  and  showing  considerable 
individual  variation  in  appearance. 

The  form  next  in  abundance  is  C,  which  is  found  in  about  75  per  cent  of 
the  cases.  It  is  a  medium-sized,  holotrichous  form,  elongated  in  shape,  with 
the  anterior  end  of  the  body  transparent  and  longitudinally  striated  and 
the  remainder  filled  with  refractive  spherules.  A  nucleus  is  visible  about  the 
middle  of  the  body  and  no  mouth  opening  can  be  detected. 

The  next  form  in  importance  is  the  one  designated  as  Z>,  which  is  found 
in  40  per  cent  of  adult  Diademas.  It  is  flat  and  leaf-like  in  form,  with  the 
body  slightly  concave  on  the  ventral  and  convex  on  the  dorsal  surface.  The 
one  margin  of  the  body  is  almost  straight  and  the  other  curved,  giving  the 
animal  an  asymmetrical  shape.  At  the  posterior  end  is  a  spur-like  pro- 
jection.    Evidently  this  form  is  allied  to  the  holotrichous  genus  Dysteria. 

The  form  which  occurs  in  the  smallest  number  of  cases  (33  per  cent)  is 
A.  When  present  at  all,  however,  the  number  of  individuals  is  generally 
very  large.     In  size  it  is  rather  small  and  in  shape  elliptical  and  flattened. 
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Very  little  could  be  made  out  of  its  structure,  owing  to  its  small  size,  rapid 
movements,  and  its  peculiar  tendency  to  disintegrate  with  almost  explosive 
suddenness  when  kept  under  observation  on  a  microscopic  slide.  In 
addition  to  these  four  characteristic  forms,  several  other  ciliates  were 
observed  more  rarely,  aild  on  one  occasion  an  amceba.  They  were  not  found 
frequently  enough,  however,  to  be  con^dered  in  the  experimental  part  of 
the  wt)rk.  So  far  as  the  present  observations  gO|  the  important  group  of 
flagellates  appears  not  to  be  represented  by  parasitic  fonns  in  Diadema. 

The  parasites  of  Diadema  seem  to  occur  exclusively  in  the  alimentary 
tract,  none  being  found  in  the  body-fluid  so  long  as  the  intestine  is  uninjured. 
In  the  alimentary  tract  itself  the  number  is  not  the  same  in  the  different 
r^ons,  dome  parts  being  more  favorable  than  others*  The  greatest 
numbers  are  found  in  the  distended  pouches  of  the  second,  or  upper,  coil 
of  the  intestine.  In  the  lower  coil  they  seem  to  be  almost  or  entirely  absent, 
even  ^en  present  in  great  abundance  dsewhere*  It  is  interesting  to  note 
in  this  connection  that  free4ivifig  forms  (e.  f.,  Foraminiferar  etCi),  which 
are  taken  in  with  the  food,  are  invariably  dead  b^ore  the  second  coil  is 
reached.  The  rectal  portion  of  the  intestine  also  shows  very  few  protozoa, 
form  D  being  the  one  most  frequently  encountered  there,  though  B  and  C 
may  occur  rarely  and  in  small  numbers.  On  several  occasions  cysts,  pos- 
sibly of  D,  were  found  in  this  region.  It  seems  quite  probable  that  cysts 
thus  formed  may  pass  out  and  eventually  infect  other  Diademas.  It  does 
not  always  happen  that  the  diff^ent  protozoa  present  show  the  same 
distribution,  thus^  A,  for  example,  may  be  quite  absent  in  some  of  the 
pouches  and  present  in  others,  while  JS,  C,  and  D  show  similar  irr^^larities. 
It  is  usual  to  fidd  several  of  the  forms  together,  but  there  are  no  constant 
combinations;  any  form  may  occur  associated  with  any  of  the  others. 

The  above  remarks  concerning  the  abundance  and  distribution  of  the 
parasites  apply  only  to  adult  Diademas.  As  might  be  expected  from  our 
knowledge  of  other  animals,  young  individuals  contain  either  no  parasites 
at  all  or  at  most  but  a  few.  The  youngest  ones  examined  (0.5  inch  in 
diameter)  contained  nothing.  Somewhat  older  ones  (i  .5  inches  in  diameter) 
contained  sometimes  nothing  at  all,  sometime  large  numbers  of  a  form  not 
found  in  any  of  the  adults  examined,  and  in  a  few  cases  small  numbers  of 
C  and  D.  It  is  rather  striking  that  form  B,  which  appears  to  be  present 
in  all  adults,  should  be  so  constantly  lacking  in  younger  individuals. 
Whether  this  is  because  conditions  for  its  existence  are  unsuitable  or  simply 
because  no  opp<wtunity  for  infection  has  occurred  could  not  be  determined. 

A  search  for  the  parasites  in  question  was  also  made  in  sea-water  and  in 
other  animals,  related  and  unrelated  to  Diadema,  The  only  situations  in 
which  any  of  them  were  found  was  in  the  alimentary  tract  of  other  sea- 
urchins,  where  they  may  occur  in  varying  numbers.  JB,  for  example,  was 
found  rarely  in  Toxopneustes  and  Echinometra,  and  C  on  a  number  of 
occasions  in  Toxopneustes,  while  D  seems  to  be  present  in  every  adult 
Toxopneustes,  and  rarely  in  Echinometra.    A  was  never  found  outside  of 
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Diadema.    A  number  of  specimens  of  Hipponoe  were  examined  for  pro- 
tozoan parasites  without  results. 

METHODS. 

In  comparing  the  physiological  nature  of  the  forms  in  question  certain 
characters  were  chosen  which  could  be  expressed  quantitatively  and  the 
animals  examined  with  respect  to  them.  Those  selected  all  had  to  do  with 
the  length  of  time  the  organisms  could  maintain  their  normal  activities  under 
various  conditions  differing  from  those  to  which  they  were  accustomed. 
The  method  adopted  was  to  place  the  animals  under  the  new  conditions  and 
note  the  time  that  elapsed  until  all  visible  movements  ceased.  In  the  case  of 
ciliates  this  time  corresponds  very  closely  with  that  at  which  irreparable 
injury,  resulting  in  death,  has  been  done  to  the  cell,  and  therefore  furnishes 
a  more  or  less  accurate  criterion  of  the  general  vitality  of  the  organisms. 

In  the  present  experiments  the  number  of  individuals  studied  was 
always  large  and  the  range  of  variation  within  the  species  small,  and  there- 
fore it  was  found  possible  to  choose,  as  the  point  for  comparison,  the  time 
at  which  all  the  individuals  of  the  given  species  had  been  rendered  motion- 
less. This  point  was  easy  to  determine  and  the  general  agreement  in  the 
results  obtained  on  successive  days  by  the  use  of  the  above  method  showed 
it  to  be  sufficiently  accurate  in  a  case,  such  as  the  present  one,  where  it  was 
desired  to  express  the  relative  and  not  the  absolute  resistance  of  the  four 
forms  in  question.  Most  of  the  experiments  were  repeated  a  number  of 
times  with  material  obtained  from  different  sources,  so  as  to  eliminate  acci- 
dental errors.  The  characters,  in  respect  to  which  the  different  forms  were 
compared,  were  as  follows:  (i)  Ability  to  live  outside  the  body  of  the  host; 
(2)  ability  to  live  in  the  body-fluid  of  other  related  animals;  (3)  length  of 
life  of  the  parasites  after  the  death  of  the  host;  (4)  resistance  to  COi; 
(5)  resistance  to  H2S;  (6)  resistance  to  the  decomposing  proteid  substances; 
(7)  resistance  to  H2SO4;  (8)  resistance  to  KOH. 

EXPERIMENTS. 
ABILITY  OF  THE    PARASITES  TO  LIVE  OUTSIDE  THE    BODY  OF   THEIR   HOST. 

It  is  well  known  that  protozoan  parasites  show  a  varying  ability  to  li\'e 
apart  from  their  host.  In  general,  the  less  specialized  the  parasite  and  the 
looser  the  relation  between  it  and  its  host,  the  longer  it  may  be  expected  to 
live  under  conditions  other  than  the  natural  ones.  The  forms  in  question 
are  not  highly  specialized  and,  as  might  be  supposed,  are  for  the  most  part 
able  to  live  for  a  considerable  time  outside  the  intestine  of  Diadema^  though 
so  far  as  these  experiments  go,  a  continued  existence  of  this  sort  is  in  no  case 
possible.  The  point  of  particular  importance,  however,  from  the  standpoint 
of  the  present  investigation,  is  that  the  four  forms  studied  show  marked 
differences  in  behavior  when  removed  from  the  body  of  their  host.  If  a 
number  of  food  pellets  from  the  intestine  of  a  Diadema  be  shaken  up  with  a 
little  fresh  sea-water,  none  of  the  parasites  obtained  in  this  way  is  at  first 
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visibly  injured.  If,  however,  a  few  cubic  centimeters  of  the  mixture  be 
placed  in  a  covered  glass  dish  which  prevents  evaporation  but  which,  being 
only  partially  filled,  does  not  prevent  contact  of  the  liquid  with  the  air,  it 
will  be  seen  that  all  of  the  animals  present  will  die  after  a  length  of  time 
which  is  fairly  constant  for  each  species.  The  first  one  to  disappear  appar- 
ently always  is  A,  which  is  no  longer  present  after  2  to  3  hours. 

It  may  be  mentioned  that  no  way  of  keeping  A  longer  than  this  in  arti- 
ficial cultures  was  found  except  to  place  a  relatively  large  quantity  of  the 
intestinal  contents  in  a  test-tube  with  the  addition  of  only  sufficient  water 
to  keep  it  moist,  in  which  case  the  animals  retained  their  activity  somewhat 
longer.  D  is  next  to  A  in  respect  to  its  behavior  in  sea-water  culture,  and 
usually  is  dead  at  the  end  of  24  hours,  though  a  few  individuals  may  survive 
several  hours  longer.  C  does  not  differ  very  markedly  from  jD,  but  is  some- 
what more  resistant,  living  on  an  average  30  hours  or  a  little  over.  B  is 
by  far  the  most  resistant  form,  often  surviving  and  continuing  active  for 
2  or  3  days.  The  relative  ability  of  the  four  forms  to  live  outside  the  body 
of  their  host  may  therefore  roughly  be  expressed  by  the  ratio  i  :  24  :  12  :  10. 

To  determine  to  what  extent  the  injurious  effects  of  removing  the  para- 
site from  their  host  were  due  to  the  action  on  them  of  the  oxygen  of  the  air, 
a  parallel  series  of  experiments  was  tried  in  which  oxygen,  so  far  as  possible, 
was  excluded.  This  was  done  by  shaking  up  the  food  pellets  from  the 
intestine  with  sea-water  from  which  the  air  had  been  removed  by  boiling 
(the  concentration  of  salts  being  kept  constant  by  the  addition  of  distilled 
water)  and  immediately  placing  the  liquid  in  dishes  which  were  completely 
filled,  covered,  and  sealed  with  vaseline  to  exclude  the  air.  Such  treatment 
was  found  not  materially  to  alter  the  length  of  life  of  any  of  the  forms  except 
B,  which  in  one  such  experiment  lived  for  7  days,  the  longest  time  for  which 
it  was  found  possible  to  keep  any  of  the  forms  alive  by  any  of  the  methods 
employed.  -4,  C,  and  D  died  in  about  the  usual  times,  the  life  of  i4,  if 
anything,  being  slightly  shortened  and  that  of  C  slightly  lengthened.  In  no 
case  except  that  of  C,  however,  were  the  differences  significant. 

ABILITY  OF  THE  PARASITES  TO  LIVE  IN  THE  BODY-FLUID  OF  TOXOPNEUSTES. 

Early  in  the  course  of  these  experiments  it  was  observed  that  the  forms 
in  question  live  in  cultures  made  with  the  body-fluid  of  Diadema  about  the 
same  length  of  time  that  they  do  in  sea-water.  This  is  not  surprising,  since 
the  osmotic  properties  of  the  body-fluids  of  sea-urchins  and  sea-water  are 
about  the  same.  A  point  of  some  interest  seemed  to  be  whether  the  body- 
fluid  of  a  nearly  related  genus  of  sea-urchins  would  be  as  favorable  as  that 
of  the  host  or  as  sea-water,  or  whether  there  might  be  present  in  it  in  addi- 
tion to  the  salts  of  sea-water  certain  other  substances  of  more  specific 
nature  which  would  have  a  toxic  effect.  To  determine  this  point,  therefore, 
experiments  were  made,  but  unfortunately  they  were  not  very  extensive. 
One  such  experiment  may  be  mentioned.  -4,  5,  and  C  obtained  from 
Diadema  were  placed  in  a  small  quantity  of  the  body-fluid  of  Toxopneustes, 
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A  was  found  to  be  dead  at  the  end  of  1.5  hours,  5  in  3  hours,  and  C  was 
living  after  15  hours,  but  dead  in  24.  In  a  control  adture  in  which  the 
body-fluid  of  the  original  host  was  used  in  place  of  that  of  Toxopneustes^  A 
lived  about  2  hours,  B  was  still  active  at  the  end  of  24,  and  C  died  somewhere 
between  15  and  24.  It  will  be  seen,  therefore,  that  il  and  Care  less  affected 
by  the  change  than  is  JS,  which  normally  lives  10  to  20  times  as  long  in  the 
body-fluid  of  its  own  host  as  in  that  of  Toxopneustes.  Unfortimatdy  D 
was  not  available  at  the  time  when  thk  experiment  was  performed.  The 
converse  of  the  above  experiment,  namdy,  the  subjecting  of  parasites  ob- 
tained from  Toxopneustes  to  the  body-fluid  of  Diadema,  was  also  tried  with 
similar  results.  In  this  case  only  D  was  available,  it  being  the  only  one  of 
the  four  forms  found  in  quantity  in  Toxopneustes,  In  the  control  culture 
in  which  die  body-fluid  of  their  own  host  was  used  the  animak  were 
normal  after  15  hours;  in  the  body-fluid  of  Diadema  they  were  dead  in  2 
hours. 

The  injurious  effects  of  transfaring  the  parasites  to  the  body-fliiid  of 
an  animal  other  than  their  host  are  almost  certainly  not  due  to  (^ysical 
(e.  g,,  osmotic)  differences  between  the  body-fluids  of  the  two  animals,  since 
they  may  be  transferred  with  impunity  from  either  host  to  sea-water,  the 
body-fluid  of  sea-urchins  having  approximately  the  same  osmotic  properties 
as  the  latter.  Furthermore,  in  a  number  of  experiments  in  which  the  con- 
centration of  the  liquid  surrounding  the  parasites  was  purposely  suddenly 
altered,  the  forms  in  question  were  shown  to  be  quite  resistant  to  changes  of 
this  sort.  It  may  be  assumed,  therefore,  that  chemical  rather  than  physical 
differences  in  the  two  body-fluids  are  responsible  for  the  death  of  the 
animals.  It  is  rather  interesting  that  different  races  of  the  same  species 
are  found  adapted  to  different  hosts  and  apparently  can  not  be  suddenly 
transferred  from  one  to  the  other.  Where  adaptive  characters  such  as 
these  are  concerned,  we  can  look  for  a  considerable  amount  of  variation 
within  the  species.  But  in  the  case  of  non-adaptive  characters,  such  as 
some  of  those  mentioned  in  the  succeeding  experiments  (resbtance  to  HtS, 
H1SO4,  etc.),  it  was  found  that  the  properties  of  form  J9,  for  example,  were 
practically  the  same  whether  it  was  obtained  from  Diadema  or  Toxopneustes, 
and  consequently  that  such  characters  are  fairly  constant  for  the  ^)ecies. 

LENGTH  OF  LIFE  OF  THE  PARASITES  AFTER  THE  DEATH  OF  THE  HOST. 

If  a  dead  Diadema^  either  opened  or  unopened,  be  covered  with  sea- 
water  and  allowed  to  stand  in  a  warm  room,  the  number  of  parasites  present 
soon  begins  to  diminidi  and  after  a  variable  time  all  disappear.  Sometimes 
in  as  short  a  time  as  12  hours  none  are  to  be  found,  though  in  other  cases 
they  may  be  active  for  24  hours  or  more.  In  no  instance,  however,  do  they 
seem  to  persist  more  than  30  hours  at  the  rooni  temperature  of  the  Tortugas 
laboratory  (85*^  to  95*^  F.).  They  usually  disappear  in  the  order,  2?,  il,  C,  £• 
In  one  series  of  observations  D  was  dead  in  I2  to  15  hours,  i4  in  a  little  lesB 
than  20,  while  C  and  B  survived  somewhat  over  24.    While  the  absdute 
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time  of  disappearance  differs  in  different  experiments  the  relative  order  for 
the  four  forms  seems  to  be  quite  constant. 

It  will  be  seen,  therefore,  that  in  respect  to  their  ability  to  live  in  the 
body  of  the  host  after  the  latter's  death,  just  as  in  many  other  respects, 
they  show  certain  characteristic  physiological  differences.  The  relative 
length  of  life  of  the  four  forms  is  roughly  1.5  :  2  :  2  :  i.  Just  what  factors 
cause  the  death  of  the  parasites  under  these  conditions  is  not  certain,  but 
probably  the  products  of  decomposition  present  play  an  important  part. 
As  will  be  shown  later,  some  of  these  substances  are  markedly  toxic,  though 
each  of  the  four  forms  is  affected  differently  by  them  and  the  immediate 
cause  of  death  may  perhaps  be  different  in  the  different  cases. 

EFFECTS  OF  COj  ON  THE  PARASITES. 

Carbon  dioxide  certainly  occurs  normally  in  the  intestine  of  Diadema  and 
therefore  small  quantities  of  it  can  not  be  markedly  injurious  to  any  of  the 
four  forms  in  question.  With  large  quantities  the  case  is  different,  all  being 
killed  in  a  fairly  short  time,  though  the  four  forms  are  by  no  means  alike  in 
their  resistance.  If  a  drop  of  fluid  containing  them  be  exposed  to  a  contin- 
uous stream  of  the  gas  in  a  gas-chamber  and  kept  under  constant  obser- 
vation, it  will  be  seen  that  I>,  the  least  resistant  form,  is  rendered  motionless 
in  3  or  4  minutes;  il  comes  next,  the  time  required  for  it  being  5  to  6  minutes; 
C  remains  active  for  about  15  minutes,  and  B  for  from  45  to  60  minutes. 
The  ratio  of  resistance  is  therefore  roughly  1.5  :  15  : 4  :  i;  5  being  the 
most  resistant  form  and  D  the  least.  The  same  order  of  resistance  was 
found  to  hold  if  instead  of  subjecting  the  animals  to  a  stream  of  gas  they 
were  placed  in  a  relatively  large  quantity  of  sea-water  charged  with  COj 
by  means  of  a  "sparklet"  bottle. 

EFFECT  OF  HgS  ON  THE  PABASITES. 

Hj^rogen  sulphide  begins  to  appear  in  the  intestine  of  Diadema  in  con- 
siderable quantities  soon  after  death.  The  vapore  given  off  on  gently 
warming  a  little  of  the  intestinal  contents  taken  12  hours  after  death  darken 
lead  acetate  paper  very  perceptibly,  and  after  24  hours  the  reaction  may 
often  be  obtained  without  the  application  of  heat  at  all.  As  this  substance 
might  be  suspected  of  playing  a  part  in  causing  the  disappearance  of  the 
parasites  from  the  intestine  of  the  host  after  death,  it  was  of  interest  to 
examine  its  effects  on  the  four  forms  in  question.  As  might  be  expected, 
it  proved  to  be  markedly  toxic  to  all,  but  the  different  forms  resisted  it 
in  pronouncedly  different  manner,  and,  furthermore,  the  order  of  resistance 
is  different  from  that  shown  to  CO2.  C,  for  example,  which  is  next  to  the 
most  resistant  form  to  COt»  is  killed  first  when  a  current  of  the  gas  is  passed 
through  the  gas-chamber  containing  the  animals,  the  time  required  being 
only  I  to  2  minutes;  D  comes  next,  with  a  period  of  about  3  minutes;  A  lives 
3  to  4  minutes,  and  B  10  to  15.  The  ratio  of  the  resistance  of  the  four  forms 
is  therefore  approximately  2.5  :  8  :  i  :  2. 
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EFFECT  OF  DECOMPOSITION   PRODUCTS  ON  THE  PARASITES. 

In  an  attempt  to  throw  light  on  the  cause  of  the  disappearance  of  the 
parasites  after  the  death  of  the  host,  the  effect  on  them  of  the  direct  products 
of  the  decomposition  of  the  tissues  of  Diadema  was  tried.  The  method 
used  was  to  allow  fragments  of  Diadema  tissues  to  decay  in  the  water  for  3 
days  at  room  temperature;  5  drops  of  the  resulting  infusion  were  then  added 
to  10  drops  of  the  fluid  containing  the  animals.  The  results  were  most 
surprising.  B,  which  had  hitherto  proved  the  most  resistant  form  in  most 
of  the  experiments,  was  killed  almost  instantly — certainly  in  less  than  5 
seconds;  A  lived  from  10  to  60  seconds;  D  20  to  25  minutes;  and  C  as  long 
as  2  hours.  C,  therefore,  which  is  less  resistant  than  B  to  most  conditions, 
13  in  this  case  many  more  times  resistant.  The  ratio  for  the  four  forms  is 
roughly  7:1: 1,500  :  250.  These  figures  seemed  so  remarkable  that  the 
experiment  was  repeated  several  times,  but  always  with  essentially  the 
same  results. 

THE  EFFECT  OF  H1SO4  ON  THE  PARASITES. 

A  limited  number  of  experiments  were  tried  with  this  substance.  It  was 
necessary  first  to  determine  the  proper  concentration,  since  if  the  solution 
is  too  strong  death  occurs  so  quickly  that  its  time  can  not  be  accurately 
observed,  and  if  too  weak  it  occurs  so  late  that  other  factors  have  time  to 
complicate  the  results.  A  series  of  preliminary  experiments  showed  that  a 
favorable  proportion  is  i  drop  of  N/io  HjS04  to  5  drops  of  the  fluid  con- 
taining the  organisms.  Of  course,  care  had  to  be  taken  that  the  add  was 
immediately  mixed  thoroughly  with  the  culture  medium,  otherwise  the 
organisms  were  not  all  subjected  to  exactly  the  same  conditions.  Treated 
in  this  way,  the  four  forms  showed  striking  differences:  A  had  a  very  low 
resistance,  being  killed  in  about  5  seconds;  D  was  killed  in  less  than  30 
seconds,  but  the  exact  time  (somewhere  between  this  and  5  seconds)  was 
not  noted;  C  died  in  about  30  seconds;  while B  survived  1.25  hours  or  900 
times  as  long  as  A,  This  is  seen  to  be  a  surprisingly  high  resistance  to  add 
when  it  is  remembered  that  Paramecium  and  many  other  fresh-water  forms 
are  killed  almost  instantly  by  exposure  to  N/500  HfS04.  Summarizing  the 
results  of  the  observations  on  the  resistance  of  the  four  forms  to  H1SO4  we 
have  the  ratio,  i  :  900  :  6  :  <  6. 

EFFECT  OF  KOH  ON  THE  PARASITES. 

This  substance  used  in  the  same  concentration  as  H2SO4,  as  might  be 
expected  from  results  obtained  with  other  animals,  is  on  the  whole  much 
less  injurious.  A  (the  least  resistant  form)  was  found  to  be  killed  in  about 
2  minutes,  D  in  somewhat  less  than  45  minutes,  B  in  about  i  hour,  and  C 
in  3  to  4  hours.  It  will  be  noted  that  while  i4,  C,  and  D  are  much  more 
resistant  to  KOH  than  to  H2SO4,  B  is  actually  less  resistant.  The  ratio  for 
the  four  forms  is  roughly  i  :  30  :  100  :  20. 
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CX)NCLUSIONS. 

The  general  results  of  the  experiments  performed  is  to  show  surprising 
di£Ferences  in  the  resistance  of  the  parasites  of  Diadema  to  various  unfavor- 
able conditions.  In  some  cases  the  most  resistant  form  may  live  several 
himdred  times  as  long  as  the  least  resistant  one.  B  is  900  times  as  resistant 
to  HjS04  as  A ,  and  the  difference  between  B  and  C  with  respect  to  products 
of  decomposition  is  still  more  striking.  Furthermore,  a  form  which  is 
strongly  resistant  to  one  condition  may  be  only  feebly  so  to  another,  and 
vice  versa.  For  example,  JS  is  8  to  10  times  as  resistant  to  HjS  as  C,  but 
1,500  times  less  resistant  to  certain  of  the  products  of  decomposition  of 
Diadema  tissues.  C  is  more  resistant  to  CO2  than  A  or  D,  but  less  resistant 
to  H|S.  At  C,  and  D  are  24  to  450  times  more  resistant  to  KOH  than  to 
H1SO4,  while  B  is  somewhat  less  resistant.  Other  similar  facts  could  be 
mentioned. 

Comparing  all  of  the  results  obtained,  it  is  therefore  seen  that  the  similar 
habit  of  life  of  the  four  forms  in  question  has  not  brought  about  physio- 
logical similarity  except  in  certain  adaptive  characters  which  are  a  sine 
gua  non  for  continued  existence  in  the  same  host  (e.  g.,  ability  to  resist  the 
digestive  juices  of  the  latter,  etc.).  In  other  respects  they  are  just  as 
different  as  almost  any  four  free-living  forms  that  might  be  selected  and 
so  far  as  the  evidence  of  these  experiments  goes  it  seems  to  show  that  the 
physiological  characters  of  an  organism  are  not  merely  the  result  of  its 
environment,  but  may  be  as  fundamental  and  characteristic  as  its  morpho- 
logical ones. 
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ANTAGONISM  BETWEEN  SALTS  AND  ANAESTHETICS.— 
III.  FURTHER  OBSERVATIONS  SHOWING  PARALLEL 
DECREASE  IN  THE  STIMULATING,  PERMEABILITY- 
INCREASING,  AND  TOXIC  ACTIONS  OF  SALT  SOLU- 
TIONS IN  THE  PRESENCE  OF  ANiESTHETICS. 

By  RALPH  S.  LILLIE. 

[From  the  Marine  Biological  Laboratory,  Woods  Hole,  ani  the  Physiological  Laboratory, 
Zoological  Department f  University  of  Pennsylvania.] 

I.  Introductory. 

^  I  ^HE  present  paper  forms  a  continuation  of  several  previous  con- 
-■"  tributions  to  the  same  general  subject.  In  the  experiments 
described  in  these  papers  the  chief  aim  has  been  to  obtain  direct  evi- 
dence of  the  part  played  by  the  semi-permeable  limiting  membranes 
of  cells  in  physiological  processes,  especially  in  stimulation  and  in 
certain  forms  of  toxic  and  antitoxic  action.  It  has  seemed  prob- 
able that  if  changes  in  the  permeability  of  the  plasma  membranes 
of  the  irritable  elements  form  an  essential  part  of  the  general  process 
of  stimulation,^  as  there  is  good  reason  to  believe,  any  artificially 
produced  modifications  of  irritability  would  be  foimd  associated  with 
corresponding  modifications  in  the  properties  of  the  membranes.  Thus 
in  narcosis  or  other  conditions  of  hypo-irritability  we  should  expect 
that  the  permeability  of  the  membranes  would  imdergo  alteration 
with  less  readiness  than  normally,  and  that  the  cells  would  exhibit 
an  increased  resistance  to  those  forms  of  injurious  or  toxic  action 
which  consist  in  the  production  of  an  abnormally  increased  surface 
permeability.  Experiments  on  Arenicola  larvae  and  echinoderm  eggs 
have  shown,  in  fact,  that  the  rapid  permeability-increasing  action 
of  pure  solutions  of  sodium  chloride  and  other  neutral  salts  is  checked 
or  prevented  in  the  presence  of  anaesthetics,  and  that  simultaneously 

*  C/.  this  Journal,  191 1,  xxviii,  p.  197;  1909,  xxiv,  p.  14. 
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the  characteristic  stimulating  and  toxic  effects  of  these  solutions 
undergo  a  marked  decrease.^ 

Narcosis,  as  a  physiological  phenomenon,  is  interesting  chiefly 
because  of  the  uniformity  both  of  its  manifestations  and  of  the  con- 
ditions under  which  it  is  produced.  Activities  of  the  most  various 
kinds  (cell  division,  stimulation  and  conduction,  contractile  processes, 
secretion,  growth)  are  diminished  or  abolished,  reversibly,  in  the 
presence  of  certain  substances.  Of  these  the  most  universal  in  their 
action  are  the  numerous  largely  water-insoluble  organic  compoimds 
possessing  solvent  action  on  fats  and  lipoids.  Since  protoplasm  ap- 
pears always  to  contain  lipoids,  a  selective  action  on  these  substances 
seems  thus  to  be  indicated  as  the  basis  of  anaesthesia.  Overton  and 
Meyer  found  that  a  parallelism  between  the  water-lipoid  partition 
coeflScients  of  the  lipoid-solvent  anaesthetics  and  their  narcotic  action 
did  in  fact  exist,  and  they  accordingly  referred  narcosis  to  an  altera- 
tion ui  the  lipoids.  The  question  as  to  why  lipoid  alteration  should 
decrease  or  abolish  irritability  remained,  however,  xmsettled.  Nar- 
cotic action  is  also  exerted  by  various  substances  —  salts,  non- 
electrolytes,  acids  —  which  have  no  specific  relation  to  lipoids,  and 
also  by  the  electric  current  imder  certain  conditions  (anelectrotonus). 
Apparently,  therefore,  specific  alteration  of  the  lipoids  is  not  the 
essential  basis  of  narcosis,  although  such  a  change  may  induce  this 
state.  The  indications  point  toward  some  more  general  kind  of  modi- 
fication in  the  irritable  elements;  this  modification  may  be  caused  by, 
but  is  not  necessarily  connected  with,  a  change  in  the  condition  of 
the  lipoids. 

In  anaesthesia  we  have  to  do  with  a  change  in  irritability.  The 
problem  of  the  physiological  nature  of  anaesthesia  is  thus  inseparable 
from  the  more  general  problem  of  the  nature  of  the  stimulation  pro- 
cess. The  influence  of  anaesthetics  on  irritability  must  therefore  be 
studied  from  the  general  point  of  view  of  this  latter  problem.  It 
should  be  noted  that  these  substances  do  not  invariably  lower  irritabil- 
ity, but  do  so  only  in  certain  strengths  of  solution;  below  these  con- 
centrations they  frequently  increase  the  responsiveness  or  degree  of 
automatic  activity  of  the  tissue.  Thus  traces  of  ether  and  other 
anaesthetics  increase  the  rate  of  the  heart  beat,  of  growth  and  cell 

*  Cf.  this  Journal,  191 2,  xxix,  p.  372;  xxx,  p.  i. 
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division,  of  ciliary  movement,  of  amoeboid  movement.'  In  higher 
concentrations  these  activities  are  checked  or  brought  to  a  rest, 
reversibly.  In  still  higher  concentrations  cytolytic  action  sets  in. 
There  are  thus  ranges  of  concentration  corresponding  to  quite  diflfer- 
ent  physiological  effects.  The  same  phenomenon  is  seen  with  certain 
salts  —  for  example,  those  of  calcium.  Irritability  may  thus  be 
modified  in  either  direction;  an  irritable  tissue  may  be  sensitized  or 
desensitized  by  appropriate  concentrations  of  a  given  lipoid  solvent 
or  other  substance.  The  terms  ''sensitization"  and  "desensitization" 
may  have  reference  not  only  to  changes  in  the  responsiveness  of 
tissues  or  organisms  to  stimulation,  but  also  to  changes  of  suscepti- 
bility to  particular  poisons.  This  is  probably  no  merely  verbal  co- 
incidence. A  parallelism  between  the  two  effects,  irritability-increas- 
ing and  susceptibility-increasing,  exists  in  certain  cases,*  and  there  is 
evidence  that  the  essential  physico-chemical  basis  of  both  kinds  of 
effects  is  the  same,  and  consists  in  an  alteration  in  the  normal  prop- 
erties of  the  plasma  membranes,  of  such  a  kind  that  the  increase  of 
permeability  essential  to  both  the  stimulating  and  the  toxic  action 
of  the  poisonous  substance  (e.  g.,  saponin)  is  facilitated  or  promoted. 
Conversely,  anaesthetics  desensitize  the  tissues  of  Arenicola  larvae  to 
both  the  stimulating  and  the  toxic  action  of  pure  isotonic  NaCl 
solutions. 

There  now  exists  ample  evidence  that  the  initial  or  critical  event 
in  stimulation  consists  in  a  change  in  the  condition  of  the  surface 
film  or  plasma  membrane  of  the  irritable  element.  The  passage  of 
an  electrical  current  through  the  tissue  necessarily  causes  a  change  in 
the  electrical  polarization  of  the  semi-permeable  membranes,  and  it 
is  this  change  (as  shown  by  Nemst  and  his  successors)  which  forms 
the  critical  or  primary  process  upon  which  follow  the  chemical,  me- 
chanical, or  electrical  manifestations  (or  response)  characteristic  of 
the  tissue.  It  is  well  known,  however,  that  mechanical  impact,  heat, 
and  various  chemical  substances  may  call  forth  in  a  nerve  or  muscle 

•  Instances  of  these  effects  are  cited  in  the  first  paper  of  this  series:  this  Jour- 
nal, 1912,  xxix,  p.  374. 

*  E.  g.j  the  toxic  action  as  well  as  the  stimulating  action  of  saponin  and  other 
poisons  on  frogs'  voluntary  muscle  is  greatly  increased  if  the  muscle  is  previously 
"sensitized"  by  inmiersion  for  a  few  minutes  in  a  pure  isotonic  solution  of  a  sodium 
salt.    Cf.  this  Journal,  191 1,  xxviii,  p.  214. 
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the  same  response  as  the  electrical  current;  the  essential  or  deter- 
minative change  in  stimulation  must  therefore  be  one  which  is  pro- 
duced in  conamon  by  all  of  these  agencies.  Now  the  facts  of  electrical 
stimulation,  significant  as  they  are,  do  little  more  than  localize  this 
primary  or  critical  action  at  the  semi-permeable  membranes  of  the 
tissue;  the  precise  nature  of  the  change  there  produced  has  to  be 
determined  by  other  means;  and  it  remains  to  inquire  what  kind  of 
surface  change  is  adequate  to  account  for  the  most  characteristic  and 
constant  features  of  stimulation,  as  well  as  for  the  possibility  of  its 
being  caused  by  so  many  different  agencies.  In  brief,  the  evidence 
indicates  that  the  properties  of  the  limiting  membranes  undergo 
temporary  alteration  during  stimulation;  the  plasma  membranes, 
semi-permeable  during  rest,  appear  during  stimulation  to  become 
more  permeable  than  before.^  Stimulation,  in  other  words,  is  asso- 
ciated with  an  increase  in  the  general  permeability  of  the  limiting 
membranes.  This  consideration  explains  why  agencies  other  than 
the  electric  current  stimulate;  they  act  by  directly  altering  the  per- 
meability of  the  membrane.  Such  a  change  would  account  for  the 
electrical  variation  which  so  constantly  accompanies  stimulation, 
and  also  for  such  characteristic  effects  as  the  refractory  |>eriod,  as  well 
as  for  the  osmotic  effects  which  appear  in  some  cells  (gland  cells, 
pigment  cells,  egg  cells  after  fertilization)  and  indeed  in  certain  cases, 
as  in  motile  plant  tissues,  form  the  essential  condition  of  the  response. 
If  this  hypothesis  is  well  based,  the  condition  of  the  membrane  at 
any  time  must  affect  the  readiness  with  which  its  permeability  imder- 
goes  change,  and  hence  also  the  responsiveness  of  the  tissue  to  stimu- 
lation. This  consideration  explains  the  characteristic  effectiveness 
of  lipoid  solvents  in  altering  irritability.  The  general  properties  of 
plasma  membranes  indicate  that  lipoids  enter  largely  into  their  com- 
position. Both  animal  and  plant  cells  are  as  a  rule  readily  permeable 
to  lipoid  solvents  and  lipoid-soluble  substances,  as  Overton  was  the 
first  to  show;  and  these  substances  in  higher  concentrations  have  a 
specific  action  in  increasing  the  permeability  of  the  membranes.  If 
the  characteristic  properties  of  the  plasma  membranes  depend  largely 
on  the  condition  of  the  component  lipoids,  it  is  to  be  expected  that 
lipoid-modifying  substances  will  influence  the  readiness  with  which 

*  For  a  general  review  and  theoretical  discussion  of  this  evidence  cf.  my  paper 
in  this  Journal,  191 1,  loc.  cit.,  p.  197. 
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the  permeability  of  the  membrane  is  altered  by  various  agendes,  and 
also  —  if  an  increase  of  permeability  is  essential  to  stimulation  — 
that  they  will  at  the  same  time  modify  the  readiness  with  which 
stimulation  is  effected.  These  two  effects  ought  theoretically  to  show 
a  certain  parallelism.  In  other  words,  any  anaesthetic  which  decreases 
the  susceptibility  of  a  tissue  to  stimulation  ought  to  decrease  at  the 
same  time  its  general  susceptibility  to  i>ermeability-increasing  or 
cytolytic  action.  The  experiments  about  to  be  described  show  that 
this  is  in  fact  the  case,  so  far  as  regards  the  action  of  neutral  salt 
solutions  on  the  tissues  of  Arenicola*  larvae. 

In  an  investigation  like  the  present,  which  aims  at  determining  the 
relation  between  permeability  alteration  as  influenced  by  anaesthetics 
and  stimulation  as  influenced  by  the  same  substances,  it  is  indispen- 
sable to  obtain  as  object  of  experiment  an  organism  which  will  show 
simultaneously  and  in  a  clear  and  munistakable  manner  both  the 
changes  of  permeability  and  the  stimulating  effects  caused  under 
given  conditions,  e.  g.,  by  a  certain  solution.  Higher  organisms  are 
obviously  imsui table  for  this  purpose;  in  these  the  differentiation  is 
too  detailed  and  the  physiological  conditions  are  too  complex.  Such 
a  satisfactory  test  organism  —  or  physiological  indicator  —  is  to  be 
sought  only  among  the  lower  forms  of  life,  and  I  have  found  the  free- 
swimming  larvae  of  the  conamon  shore  anneUd  Arenicola  remarkably 
well  adapted  to  this  purpose.  These  organisms  have  the  advantages 
of  being  readily  obtainable  in  large  quantities,  of  showing  great 
constancy  in  their  reactions,  and  of  possessing  a  sufficient  but  not  too 
detailed  differentiation  of  cells  and  tissues.  The  musculature  is  well 
developed  and  responds  normally  to  electrical  and  other  forms  of 
stimulation  —  e.  g.,  the  law  of  polar  stimulation  is  shown  typically; 
external  locomotor  dlia  are  present,  and  a  yellow  pigment  (appearing 
brown  when  the  larvae  are  massed)  is  abundant  in  the  body  cells,  and 
passes  readily  into  the  water  when  the  permeability  is  increased  by 
cytolytic  or  other  agencies;  this  substance  thus  serves  as  a  convenient 
index  of  the  degree  of  permeability  increase. 

I  have  elsewhere  described  the  action  of  pure  isotonic  NaCl  solution 
on  Arenicola  larvae.®  The  visible  effects  which  immediately  follow 
the  addition  of  the  solution  and  indicate  most  clearly  the  essential 
nature  of  its  primary  action  may  be  described  as  of  three  chief  kinds, 

•  Cf.  this  Journal,  1909,  xxiv,  p.  23. 
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relating  respectively  to  the  musculatxire,  the  pigment-containing  cells, 
and  the  cilia.  These  effects  are  briefly  as  follows:  (i)  There  is  a 
strong  and  persistent  muscular  contraction,  causing  the  larvae  to 
shorten  to  about  half  their  normal  length;  they  remain  thus  con- 
tracted for  twenty  or  thirty  seconds  and  relax  slowly,  regaining  their 
original  length  within  about  a  minute  after  the  first  contact  of  the 
solution;  all  muscular  movements  then  cease,  and  during  their  further 
stay  in  the  solution  the  larvae  remain  quite  motionless.  (2)  The 
yellow  pigment  contained  in  the  body  cells  diffuses  rapidly  into  the 
solution,  and  if  sufficient  larvae  are  present  imparts  to  this  a  distinct 
straw-yellow  tinge.  (3)  The  locomotor  cilia  cease  movement  almost 
immediately,  and  shortly  afterwards  many  undergo  a  visible  disin- 
tegration or  breakdown  into  minute  droplets  or  granules;  usually 
there  is  some  variation  in  resistance,  and  a  few  cilia  may  continue 
feeble  movement  for  a  minute  or  two  and  occasionally  longer;  but 
typically  all  trace  of  activity  ceases  within  five  minutes  or  less,  and 
there  is  no  revival  when  the  larvae  are  returned  to  sea  water.  A  stimu- 
lating, a  permeability-increasing,  and  a  direct  disintegrative  action 
can  thus  be  distinguished.  In  addition  to  these  visible  external  effects 
there  is  a  general  toxic  action  affecting  the  entire  organism.  Larvae 
returned  to  sea  water  after  a  few  minutes  (less  than  five)  in  the  pure 
NaCl  solution  are  found  to  have  permanently  lost  their  normal  helio- 
tropism;  muscular  contractions  return  after  an  interval,  but  slowly 
and  imperfectly;  there  is  no  revival  of  ciliary  movement,  and  the 
larvae  die  within  a  few  hours.  If  the  return  to  sea  water  is  delayed  for 
several  hours,  there  may  be  no  signs  of  revival. 

The  above  effects  indicate  that  the  salt  solution  acts  primarily  on 
the  solid  colloidal  structures,  especially  the  surface  structures,  of  the 
tissues.  Apparently  the  colloids  undergo  immediate  changes  of  ag- 
gregation state,  which  lead  in  the  case  of  the  cilia  to  a  structural 
breakdown  and  in  the  case  of  the  tissue  cells  to  an  abnormal  increase 
in  the  permeability  of  the  limiting  membranes.  The  latter  lose  — 
at  least  temporarily  —  their  insulating  or  semi-permeable  properties; 
hence  a  certain  loss  of  material  results,  as  indicated  by  the  loss  of  pig- 
ment; at  the  same  time  the  muscle  cells  undergo  intense  stimulation, 
and  a  well-marked  toxic  or  generally  disorganizing  action  sets  in. 
These  last  two  effects  appear  to  be  direct  consequences  of  the  change 
in  permeability;  this  is  indicated  by  the  close  parallelism  which 


Digitized  by  VjOOQIC 


Antagonism  between  Salts  and  Ancesthetics.  261 

exists  between  the  degree  of  the  permeability-increasing  action  of 
salt  solutions  and  both  their  stimulating  and  toxic  action.  Certain 
substances  decrease  or  prevent  the  permeability-increasing  action  of 
the  pure  salt  solution;  among  those  are  not  only  various  neutral 
salts  —  e.  g.y  those  of  calcium  and  magnesium  —  but  also,  as  I  have 
recently  found,  a  large  number  of  lipoid-solvent  anaesthetics;  at  the 
same  time  they  decrease  or  prevent  the  immediate  stimulating  action 
of  the  solution  and  lessen  its  toxic  action.  This  parallelism  indicates 
that  the  semi-permeable  surface  films  or  plasma  membranes  of  the 
cells  form  the  locus  both  of  the  stimulating  and  of  the  toxic  action  of 
the  salt  solution,  and  that  the  above  substances  exert  their  anti- 
stimulating  and  antitoxic  action  by  altering  the  plasma  membranes . 
in  such  a  way  as  to  decrease  or  prevent  the  permeability-increasing 
action  on  which  both  effects  depend. 

Direct  observation  thus  indicates  that  modification  of  surface 
structures  forms  the  basis  of  certain  characteristic  physiological  effects 
produced  by  neutral  salts  and  anaesthetics  in  these  organisms.  The 
pure  salt  solution  causes  visible  changes  in  the  physical  state  of  the 
colloidal  filaments  and  membranes  at  the  cell  surfaces.  These  effects, 
in  so  far  as  they  are  irreversible,  are  toxic.  Thus  it  is  immediately 
apparent  why  pure  sodium  chloride  solution  arrests  ciliary  movement; 
the  colloids  of  the  tissue  are  so  altered  as  to  interrupt  the  continuity 
of  the  contractile  filaments;  the  latter  then  necessarily  cease  move- 
ment and  undergo  breakdown.  In  such  a  case  the  effect  is  essentially 
irreversible.  Presumably  similar  changes  take  place  in  the  plasma 
membranes  of  the  cells;  obviously  any  such  interruption  in  the  con- 
tinuity of  the  membranes  would  necessarily  involve  marked  increase 
of  permeability.  The  case  of  the  cell,  however,  differs  from  that  of 
colloidal  filaments  like  cilia  in  that  there  always  remains  the  possibility 
that  the  continuity  of  the  surface  fihn  may  be  restored  by  deposition 
of  materials  from  the  protoplasm.  Possibly  this  is  why  the  destruc- 
tive action  of  the  pure  salt  solution  on  the  cells  {e,  g.,  muscle  cells) 
of  this  organism  is  more  gradual  than  on  the  cilia,  so  that  some  re- 
covery is  ppssible  after  relatively  prolonged  exposure.  It  seems  clear 
that  the  preservation  of  the  continuity  and  semi-permeability  of  the 
surface  films  is  essential  to  the  continuance  of  normal  vital  processes; 
hence  the  presence  of  substances  that  favor  this  condition  protects  the 
cell  against  injury  by  toxic  substances  or  other  destructive  agencies. 
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n.  Experimental, 

In  the  experiments  described  in  the  present  and  preceding  papers  I 
have  tested  the  action  of  a  variety  of  anaesthetics  in  modifying  the 
above-described  stimulating,  permeability-increasing,  and  toxic  action 
of  the  pure  isotonic  NaCl  solution.  The  substances  used  include  the 
following:  a  series  of  alcohols,  methyl,  ethyl,  n-propyl,  iso-propyl, 
n-butyl,  n-amyl,  n-capryl;  chloretone;  a  series  of  esters,  —  ethyl 
acetate,  propionate,  butyrate,  valerianate,  nitrate;  methyl,  ethyl, 
and  phenyl  urethanes;  various  normal  and  substituted  hydrocarbons, 
—  carbon  tetrachloride,  chloroform,  nitromethane,  acetonitrile,  ben- 
zol, toluol,  xylol,  phenanthrene,  naphthalene;  and  a  nmnber  of  mis- 
cellaneous compoimds,  —  ethyl  ether,  chloral  hydrate,  chloralose, 
paraldehyde,  phenyl  urea,  acetanilide,  phenacetin,  methacetin.  The 
action  of  certain  inorganic  salts  (as  of  magnesimn  and  calcium)  and 
of  isotonic  sugar  solution  falls  partly  into  the  anaesthetic  category, 
but  will  not  be  considered  in  the  present  paper. 

In  these  experiments  the  solution,  0.55  m.  NaCl,  containing  the 
anaesthetic  in  known  concentration,  is  added  suddenly  to  a  mass  of 
larvae  which  have  been  collected  in  a  watch  glass  or  in  the  interior  of 
a  small  flask.  The  immediate  effects  of  the  solution  on  muscular  and 
ciliary  movement  and  the  degree  of  revival  in  sea  water  after  known 
periods  of  exposure,  can  be  readily  determined  and  compared  with 
the  corresponding  effects  of  the  control  solution  (pure  0.55  m.  NaCl). 

In  general  it  has  been  found  that  all  anaesthetics  —  provided  their 
solubility  in  salt  solution  is  sufficient  —  show  the  following  effects  in 
common.  In  concentration  above  certain  maxima  they  cause  rapid 
cytolysis,  and  reinforce  the  disintegrative  action  of  the  pure  salt 
solution.  In  weaker  solutions,  within  a  certain  range  of  concentra- 
tions characteristic  for  each  anaesthetic,  they  exhibit  a  definite  anti- 
stimulating  and  anti-cytolytic  action.  The  degree  of  this  action 
varies  with  different  anaesthetics,  but  is  constant  and  characteristic 
for  any  particular  compoimd.  Usually  the  muscular  contraction  on 
the  first  contact  with  the  anaesthetic-containing  solution  is  much  less 
intense  and  prolonged  than  in  the  pure  salt  solution,  and  in  many 
cases  it  is  comi5letely  or  almost  completely  prevented.  The  immedi- 
ate  loss  of  pigment  is  also  usually  decreased,  and  in  many  cases  en- 


Digitized  by  VjOOQIC 


Antagonism  between  Salts  and  Anesthetics.  263 

tirely  prevented;  the  degree  of  this  effect  shows  a  close  parallelism 
with  that  of  the  decrease  of  stimulation.  Ciliary  movement  is  almost 
always  decidedly  prolonged  —  in  favorable  cases  for  several  hours.  If 
after  a  certain  stay  in  the  solution  the  larvae  are  returned  to  sea  water, 
they  are  foimd  to  recover  muscular  contractility  more  rapidly  and 
completely  than  after  a  similar  exposure  to  pure  0.55  m.  NaCl.  The 
general  disintegration  produced  by  the  salt  is  also  lessened  or  re- 
tarded in  the  presence  of  the  anaesthetic,  and  the  larvae  remain  alive 
longer  after  return  to  sea  water.  The  anaesthetic  thus  shows  a  definite 
protective  or  antitoxic  action  similar  to  that  of  calcium  chloride  and 
other  salts;  this  effect  is  highly  characteristic  and  has  been  shown 
without  exception  by  every  substance  so  far  tried  which  exhibits 
definite  anaesthetic  action  in  sea  water. 

The  concentrations  most  favorable  for  the  prevention  of  the 
stimulating  and  cytolytic  effects  of  the  salt  solution  correspond 
closely  with  those  which  produce  typical  anaesthesia  in  normal  larvae^ 
in  sea  water.  Hypo-anaesthetic  concentrations  always  fail  to  pre- 
vent, though  they  may  decrease,  the  immediate  stimulation  and  loss 
of  pigment;  but  in  most  cases,  unless  too  low,  they  exert  a  distinct 
protective  or  antitoxic  action,  —  i,  e.,  they  retard  the  disintegra- 
tive or  cytolytic  action  of  the  salt  solution,  and  on  return  to  sea 
water  from  such  solutions  recovery  is  found  to  be  more  complete  than 
after  similar  exposxire  to  the  pure  salt  solution.  Another  remarkable 
and  characteristic  effect  of  anaesthetics  in  hypo-anaesthetic  concen- 
trations is  to  prolong  the  period  during  which  muscular  contractions 
continue  in  the  salt  solution;  in  pxire  0.55  m.  NaCl  all  contractions 
typically  cease  within  four  minutes  or  less,  and  the  larvae  remain 
quite  motionless  during  their  further  stay  in  the  solution;  but  in  the 
presence  of  the  anaesthetic  slight  contractions  often  continue  steadily 
—  in  many  cases  for  half  an  hour  or  more.  This  effect  recalls  the 
stimulating  or  sensitizing  action  so  characteristic  of  anaesthetics  in 
weak  solution;  but  it  seems  rather  to  be  the  expression  of  a  certain 
protective  or  antitoxic  action  which  enables  the  tissue  partly  to  pre- 
serve its  normal  properties  even  in  the  otherwise  strongly  toxic  pure 
salt  solution.  The  presence  of  traces  of  calcixmi  chloride  has  a  similar 
effect. 
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Action  of  Special  ANiESXHEXics. 

Alcohols.  —  All  of  the  above-named  alcohols  in  favorable  concen- 
trations decrease  or  prevent  the  initial  stimulating  and  permeability- 
increasing  action  of  isotonic  sodium  chloride  solution,  protect  the 
cilia  against  immediate  breakdown,  thus  prolonging  their  activity, 
and  retard  the  general  toxic  action.  The  optimiun  concentrations 
for  the  immediate  anti-stimulating  and  anti-cytolytic  actions  are  in 
general  the  same;  as  already  said,  they  correspond  closely  with  the 
concentrations  which  produce  typical  anaesthesia  in  sea  water.  These 
concentrations  show  the  usual  progressive  decrease  with  increase  in 
the  molecular  weight  of  the  alcohol.  In  physiologically  equivalent 
solutions  the  different  alcohols  modify  the  action  of  the  salt  solution 
in  essentially  the  same  manner.  If  the  proportion  of  alcohol  is  favor- 
able the  larvae  show  no  immediate  loss  of  pigment  and  little  or  no 
stimulation;  either  no  evident  muscular  contraction  occurs  on  the 
first  contact  with  the  solution  —  the  larvae  merely  ceasing  movement 
and  remaining  relaxed  and  motionless  —  or  the  resulting  contraction 
is  slight  or  moderate  and  followed  by  immediate  relaxation  and  com- 
plete cessation  of  movement.  In  such  solutions  the  cilia  typically 
continue  their  movement.  In  concentrations  of  alcohol  somewhat 
higher  than  optimum  the  cytolytic  action  of  the  solution  is  eventually 
accelerated,  though  there  may  be  typical  protective  action  at  first. 
In  still  stronger  solutions  the  cilia  cease  at  once,  and  cytolysis  is  rapid 
from  the  first.  There  are  certain  specific  differences  of  toxicity  be- 
tween the  different  alcohols;  propyl  and  butyl  alcohols  have  shown 
the  most  favorable,  i.  e,  most  completely  reversible,  protective  action, 
while  capryl  alcohol  always  shows  a  marked  specific  toxicity,  even  in 
concentrations  that  at  first  appear  highly  favorable.  Chloretone, 
which  may  be  classed  with  the  alcohols,  is  remarkably  rapid  and  com- 
plete in  both  its  anti-stimulating  and  anti-cytolytic  action,  as  already 
described.^ 

The  following  is  a  simMnary  of  the  observations  made  with  alcohols. 
The  control  solution  with  which  comparison  is  made  is  always  the 
pure  0.5s  m.  NaCl. 

'  This  Journal,  191 2,  xxix,  p.  387. 
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Methyl  alcohoL  — A  solution  of  10  vol.  per  cent  in  0.55  m.  NaCl  causes 
a  well-marked  immediate  contraction  (though  less  than  the  con- 
trol) followed  by  instant  relaxation;  no  further  muscular  contractions 
are  seen;  the  cilia  remain  active  for  half  an  hour  or  more.  A  littie 
pigment  is  liberated  at  first,  but  much  less  than  in  the  control. 

Effect  of  return  to  sea  water.  —  After  forty-five  minutes  in  the  solu- 
tion the  larvae  recover  muscular  contractions  much  more  completely 
than  in  the  control;  the  cilia  also  revive  in  part;  after  three  hours' 
exposure  recovery  is  also  greater  than  in  the  control,  but  the  differ- 
ence is  less;  after  six  hours  there  is  no  recovery  either  in  the  solution 
or  in  the  control. 

In  s  vol.  per  cent  solution  strong  stimulation  and  well-marked 
exit  of  pigment  occur  essentially  as  in  the  control.  The  cilia  are 
protected  only  slightly,  and  most  cease  movement  within  five  minutes. 
Slow  muscular  contractions  continue  for  an  hour  or  more  in  this 
solution. 

Effect  of  return  to  sea  water.  —  The  protection  is  at  first  less  marked 
than  in  the  10  per  cent  solution,  but  lasts  longer.  After  intervals  of 
three  and  six  hours  active  contractions  retiun  in  sea  water;  even  after 
twenty-two  hours  in  the  solution  many  larvae  recover  slightiy. 

Ancesthetic  concentration  in  sea  water.  —  This  is  ca.  10  vol.  per  cent. 
There  is  no  muscular  movement  in  this  solution  and  recovery  is  well 
marked  after  eighteen  hours.  In  5  vol.  per  cent  solution  contractions 
continue  actively. 
,  Ethyl  alcohol.  —  a.  10  vol.  per  cent.  There  is  a  slight  musoilar  con- 
traction at  first  and  no  immediate  loss  of  pigment.  The  ciUa  cease 
at  once.    After  two  and  one-half  hours  cytolysis  is  well  marked. 

Return  to  sea  water.  —  In  larvae  transferred  after  twenty-three 
minutes  and  forty-five  minutes  the  cilia  revive  and  well-marked  con- 
tractions return;  after  two  and  one-half  hours  there  is  no  revival. 

b.  s  vol.  per  cent.  There  is  moderate  contraction  at  first  with 
instant  relaxation.  No  loss  of  pigment  is  evident.  Cilia  continue  for 
some  time.  The  muscular  anaesthesia  is  not  quite  complete;  occasional 
slight  contractions  persist  for  some  time. 

Return  to  sea  water.  —  Larvae  returned  after  forty-five  minutes  re- 
cover almost  completely;  some  show  helio tropic  swimming,  though 
the  direction  of  the  response  is  reversed  (negative).  After  two  and 
one-quarter  and  five  hours  active  contractions  return,  much  greater 
than  the  control.  A  fair  proportion  recover  contractility  after  twenty- 
one  and  one-half  hours  in  the  solution. 

AncRsthesia  in  sea  water.  —  In  sea  water  with  6  vol.  per  cent  alcohol 
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muscular  anaesthesia  is  practically  complete.  The  effect  is  perfectly 
reversible.  In  5  vol.  per  cent,  slight  contractions  continue;  10  vol. 
per  cent  is  rapidly  toxic. 
3.  n-propyl  alcohol.  —  Solutions  in  0.55  m.  NaCl  of  the  following  concen- 
trations were  used:  5,  4,  2.5,  2,  1.25,  i,  0.63,  and  0.5  vol.  per  cent. 
In  general  the  effects  were  similar  to  those  seen  with  ethyl  alcohol,  but 
somewhat  more  favorable.  In  the  stronger  solutions  down  to  2  vol. 
per  cent  (inclusive)  there  is  almost  no  inmiediate  stimulation  or  loss 
of  pigment.  In  1.25  and  i  vol.  per  cent  stimulation  is  stronger  and 
there  is  slight  inmiediate  loss  of  pigment  (<  control);  in  0.63  and  0.5 
vol.  per  cent  stimulation  and  exit  of  pigment  are  well  marked.  The 
protective  action  on  ciUa  is  decided  down  to  2  vol.  per  cent  (in  2.5 
vol.  per  cent  solution  some  ciliary  movements  remained  after  seventeen 
hours);  below  this  it  is  less  distinct  or  absent.  In  1.25  per  cent  and 
weaker  solutions  muscular  anaesthesia  is  incomplete  and  contractions 
continue  for  some  time  —  in  some  cases  for  more  than  an  hour. 

Return  to  sea  water,  —  In  the  5  vol.  per  cent  solution  the  larvae, 
though  protected  at  first,  die  within  an  hour;  in  the  4  per  cent  solu- 
tion cytolytic  changes  appear  within  one  and  a  half  hoiu^.  Revival 
after  one  hour  in  this  solution  is  greater  than  in  the  control.  Larvae 
from  the  2.5  per  cent  solution  show  a  remarkably  prompt  and  perfect 
recovery  after  an  exposure  of  forty  minutes,  and  many  recover  helio- 
tropism  (mostly  negative);  the  same  was  observed  with  the  2  per 
cent  solution  after  one  hour's  exposure,  and  with  the  1.25  per  cent 
after  thirty  minutes.  In  the  weaker  solutions  protection  is  at  first 
less  complete  —  i,  e.,  the  initial  injury  is  greater  —  though  it  remains 
evident  after  longer  periods  of  exposure.  After  seventeen  hours' 
exposure  larvae  from  2.5,  1.25,  and  0.63  vol.  per  cent  showed  good 
revival  of  contractions;  the  same  was  true  of  i  and  0.5  per  cent  solu- 
tions after  twenty-two  hours'  exposure. 

AfUBsthetic  action  in  sea  water, — The  minimum  concentration  is 
between  2  and  3  vol.  per  cent;  arrest  of  contractions  is  not  quite  com- 
plete in  2  vol.  per  cent  solution. 
4.  Isopropyl  alcohoL — This  was  used  in  the  concentrations  4,  3,  2,  and 
I  vol.  per  cent,  and  showed  essentially  the  same  action  as  the  normal 
alcohol,  although  in  equivalent  concentrations  both  its  anaesthetic  and 
toxic  actions  appeared  somewhat  weaker.  In  4  and  3  vol.  per  cent  solu- 
tions immediate  stimulation  is  slight  and  there  is  no  loss  of  pigment; 
in  2  vol.  per  cent  stimulation  and  loss  of  pigment  are  well  marked, 
though  less  than  in  the  control;  in  i  vol.  per  cent  there  is  little  differ- 
ence from  the  control.    Protective  action  both  on  muscle  and  dlia  is 
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well  marked,  —  best  in  3  vol.  per  cent  and  relatively  slight  in  i  vol. 
per  cent. 

.  n-butyl  alcohol. — The  following  solutions  were  used:  4,  2.5,  2,  1.25, 
I,  0.62,  and  0.31  vol.  per  cent.  The  same  eflFects  were  observed  as  with 
propyl  alcohol,  but  the  physiologically  eqxuvalent  concentrations 
were  in  all  cases  lower:  4  vol.  per  cent  causes  rapid  cytolysis  and 
breakdown  of  dlia;  2.5  vol.  per  cent  causes  rapid  cytolysis  within 
fifteen  minutes,  but  prevents  the  inunediate  stimulation  and  loss  of 
pigment;  2  vol.  per  cent  prevents  stimulation  and  loss  of  pigment  and 
preserves  ciliary  movement  for  an  hoxu:  or  more,  but  is  fatal  within 
two  hours.  In  1.25  and  i  vol.  per  cent  solutions  the  protective  and 
anti-stimulating  actions  are  best  marked;  there  is  little  or  no  inunedi- 
ate stimulation  and  no  exit  of  pigment,  and  ciliary  movement  lasts 
for  an  hour  or  more;  0.62  vol.  per  cent  acts  similarly;  a  few  cilia  re- 
main active  after  eighteen  hours  in  this  solution,  but  muscular  anaes- 
thesia is  not  quite  complete;  in  0.31  vol.  per  cent  stimulation  and 
pigment  exit  are  well  marked,  though  less  than  the  control;  the  dlia 
cease  in  a  few  minutes,  while  musoilar  contractions  continue. 

Return  to  sea  water.  —  Larvae  retiuned  to  sea  water  after  fifty-five 
minutes  in  2.5  vol.  per  cent  alcohol  showed  no  revival.  After  a  similar 
stay  in  1.25,  i,  and  0.62  vol.  per  cent  recovery  of  contractions  was 
prompt  and  complete,  and  many  larvae  showed  a  return  of  the  normal 
positive  phototaxis  (especially  with  1.25  and  i  vol.  per  cent);  after 
0.31  vol.  per  cent  recovery  of  contractions  was  slower  and  less  complete 
and  the  dlia  failed  to  revive.  Muscular  contractions  reappeared 
after  eighteen  hours  in  the  i  and  0.62  and  0.31  per  cent  solutions 
(best  with  0.62  per  cent),  but  not  in  1.5  per  cent  (no  revival  in 
control). 

AfUBsthetic  concentration  in  sea  water. — The  minimum  is  ca,  0.8 
vol.  per  cent,  which  causes  complete  muscular  anaesthesia  without 
arresting  the  dlia. 

ih^unyl  alcohoL  —  The  following  solutions  were  used:  i,  0.5,  0.4,  0.25, 
0.2,  0.13,  and  0.1  vol.  per  cent.  In  i  vol.  per  cent  solution  cytolysis 
is  rapid.  In  0.5,  0.4,  0.25,  and  0.2  vol.  per  cent  the  initial  stimulation 
is  slight  and  there  is  no  loss  of  pigment;  in  0.13  per  cent  the  initial 
stimulation  and  pigment  exit  are  well  marked,  though  less  than  in  the 
control;  o.i  vol.  per  cent  shows  little  difference  from  the  control.  In 
0.5,*  0.4,  0.25,  and  0.2  vol.  per  cent  breakdown  of  cilia  is  prevented 
and  ciliary  movement  is  prolonged  for  about  an  hour;  in  0.13  and  o.i 
per  cent  the  cilia  cease  almost  as  soon  as  in  the  control.  Muscular 
anaesthesia  is  incomplete  below  0.25  vol.  per  cent,  and  slight  contrac- 
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tions  continue  in  these  solutions  (0.2,  0.13,  o.i  per  cent)  for  some 
time. 

Return  to  sea  water.  —  One  vol.  per  cent  is  quickly  destructive.  In 
the  case  of  the  other  solutions  larvae  returned  within  one  hoxu:  to  sea 
water  recovered  much  more  completely  than  the  control,  but  photo- 
taxis  was  not  renewed;  o.i  vol.  per  cent  is  the  least  favorable.  With 
prolonged  exposure  (eighteen  hours  or  more)  larvae  from  0.5  vol.  per 
cent  showed  no  revival,  those  from  0.4  vol.  per  cent  revived  only 
slightly  (again  the  stronger  solutions,  though  showing  better  protec- 
tion at  first,  are  less  favorable  than  the  weaker  when  the  exposure  is 
prolonged);  larvae  from  0.25,  0.2,  and  0.13  vol.  per  cent  showed  well- 
marked  renewal  of  contractions,  and  from  0.1  per  cent  slight  renewal. 
There  was  no  recovery  in  the  control. 

AfUBsthetic  concentration  in  sea  water,  —  The  minimum  for  complete 
muscular  anaesthesia  is  ca,  0.25  vol.  per  cent. 
7.  n-cApryl  alcohol.  —  Capryl  alcohol  (CsHitOH)  is  only  slightly  soluble 
in  water  (i  part  in  ca,  2000).  The  solutions  used  (in  0.55  m.  NaCl) 
were:  saturated  (ca,  0.05  per  cent),  three-fourths  saturated,  half 
saturated,  and  three-eighths,  one-fourth,  and  one-eighth  saturated. 
In  the  saturated  solution  the  immediate  contraction  and  loss  of  pig- 
ment are  completely  prevented,  but  within  fifteen  minutes  cytolysis 
sets  in;  in  half  and  three-fourths  saturated  there  is  also  little  or  no 
immediate  stimulation  and  no  exit  of  pigment,  and  the  cilia  continue 
their  activity  (in  some  larvae  for  almost  three  hours);  in  the  three- 
eighths  saturated  the  initial  contraction  is  well  marked,  there  is  slight 
loss  of  pigment,  and  the  cilia  cease  soon;  in  the  one-fourth  and  one- 
eighth  saturated  solutions  the  initial  contraction  and  pigment  exit  are 
pronounced,  and  protection  to  cilia  is  slight  or  absent;  in  these  two 
solutions  muscular  contractions  continue  for  some  time. 

Return  to  sea  water,  —  Protective  or  antitoxic  action  is  well  marked 
at  first  in  all  solutions  except  the  saturated.  After  three  hours  in  the 
half,  three-eighths,  and  one-fourth  saturated  solutions  the  revival  of 
contractions  in  sea  water  was  decidedly  greater  than  in  the  control; 
one-eighth  saturated  showed  relatively  littie  action.  After  six  hours* 
exposure  there  was  slight  revival  in  larvae  from  the  half  and  three- 
eighths  saturated  solutions,  but  not  from  the  others.  There  was  no 
revival  after  twenty-two  hours.  The  strong  specific  toxicity  of  this 
alcohol  asserts  itself  with  the  longer  exposures,  although  typical  anti- 
toxic effects  are  plainly  evident  at  first. 

Ancesthetic  concentration  in  sea  water, — The  optimum  anaesthetic 
concentration  is  ca.  one- third  saturated;  half-saturated  solutions  are 


Digitized  by  VjOOQIC 


Antagonism  between  Salts  and  Anesthetics.  269 

fatal  within  an  hour,  while  with  one-fourth  saturation  musoilar  anaes- 
thesia is  not  quite  complete.  This  alcohol  has  a  high  specific  toxicity; 
after  eighteen  hours  all  of  the  larvae  in  the  one-third  saturated  and 
most  in  the  one-fourth  saturated  were  found  dead. 


Fatty  add  esters.  —  To  save  space  a  less  detailed  account  of  the 
observations  with  these  compounds  will  be  given.  Their  general 
action  is  similar  to  that  of  the  alcohols,  but  the  toxicity  is  greater 
(due  probably  to  hydrolysis)  and  the  protective  action  less.  The  four 
ethyl  esters,  acetate,  propionate,  butyrate,  and  valerianate,  were 
used.  As  with  the  alcohols,  the  favorable  anaesthetic  and  protective 
concentrations  decrease  progressively  with  increase  in  the  molecular 
weight.  In  one  respect  these  esters  —  especially  the  higher  members 
—  differ  from  most  of  the  anaesthetics  investigated  in  these  experi- 
ments in  showing  a  well-marked  specific  or  selective  action  on  the 
pigment-containing  cells  of  this  organism.  Solutions  of  ethyl  buty- 
rate and  valerianate  in  sea  water,  in  favorable  anaesthetic  concentra- 
tions, extract  considerable  pigment  from  the  larvae;  ethyl  propionate 
shows  this  action  to  a  less  degree,  while  the  acetate  anaesthetizes 
without  loss  of  pigment.  In  correspondence  with  this  pecidiarity  the 
two  higher  esters  do  not  prevent  the  immediate  loss  of  pigment  in 
0.55  m.  NaCl,  although  they  inhibit  stimulation  and  retard  toxic 
action  in  the  same  manner  as  the  others. 

Action  of  esters  in  0.55  m.  NaCl.  —  2.5  vol.  per  cent  solutions  of  ethyl 
acetate  are  rapidly  fatal.  In  2,  1.5,  and  i  vol.  per  cent  solutions  there 
is  only  slight  immediate  stimulation  and  little  or  no  loss  of  pigment, 
and  ciliary  movement  lasts  decidedly  longer  than  in  the  pure  salt 
solution.  In  0.5  and  0.25  vol.  per  cent  solutions  there  are  strong  con- 
traction, marked  loss  of  pigment,  and  immediate  cessation  of  ciliary 
movement;  slow  musoilar  contractions  continue  in  these  solutions 
for  some  time. 

Transfer  to  sea  water,  t-  Well-marked  protective  action  is  shown  by 
all  of  the  above  solutions  from  2  vol.  per  cent  down;  but  in  the  stronger 
solutions,  2  and  1.5  vol.  per  cent,  it  lasts  for  only  a  short  time;  after 
a  few  hours  in  these  solutions  there  was  no  recovery.  After  four  hours 
in  the  i,  0.5,  and  0.25  per  cent  solutions  revival  of  contractions  was 
much  more  complete  than  in  the  control  (0.5  vol.  per  cent  proved  the 
most  favorable). 
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Anasthetic  concentration  in  sea  water.  —  Solutions  of  i  to  1.5  vol. 
per  cent  produce  complete  typical  muscular  anaesthesia  in  sea -water. 

Similar  effects  are  seen  with  the  other  three  esters,  the  phjrsiologi- 
cally  equivalent  concentrations  decreasing  with  increase  in  the  molec- 
ular weight.  The  anaesthetic  concentrations  in  sea  water  are  approxi- 
mately as  follows:  propionate,  0.4  to  0.5  vol.  per  cent;  butyrate,  0.13 
to  0.25  vol.  per  cent;  valerianate,  0.13  to  0.08  vol.  per  cent.  Solu- 
tions of  these  concentrations  in  o.ssm.NaCl  show  typical  anti-stimulat- 
ing and  anti-cytolytic  action,  and  prevent  the  immediate  breakdown 
of  dlia;  stronger  solutions  cause  cytolysis,  while  in  weaker  solutions 
stimulation  and  ciliary  breakdown  occur  essentially  as  in  the  pure 
solution,  and  muscular  contractions  are  prolonged.  Butyrate  and 
valerianate  are  relatively  inefficient  in  preventing  the  inunediate  exit 
of  pigment,  though  showing  typical  anti-stimulating  and  antitoxic 
action. 

Other  esters  examined  include  ethyl  nitrate  and  the  xurethanes 
(methyl,  ethyl,  and  phenyl).  The  following  is  a  brief  accoimt  of  the 
observations  with  these  compoimds. 
Ethyl  nitrate.  —  Solutions  (in  0.55  m.  NaCl)  of  the  concentrations  0.75, 
0.5,  0.3s,  and  0.25  vol.  per  cent  were  used.  This  ester  shows  strongly 
marked  anti-stimulating  and  anti-cytolytic  action.  In  all  of  the  above 
concentrations  the  inunediate  stimulation  and  loss  of  pigment  are 
slight  or  absent,  and  ciliary  movement  continues;  in  0.75  vol.  per  cent 
a  gradual  cytolysis  begins  within  a  few  minutes,  and  the  larvae  show 
litUe  or  no  recovery  in  sea  water  after  an  hour's  exposiure;  in  the  0.5 
per  cent  solution  the  anaesthetic  and  protective  actions  are  typical 
and  lasting;  in  0.35  and  0.25  per  cent  muscular  anaesthesia  is  only 
partial,  and  slow  contractions  continue  for  some  time. 

Return  to  sea  water.  —  After  half  an  ho\ir  in  the  above  solutions  all 
of  the  larvae  recovered  much  more  completely  than  in  the  control, 
and  a  certain  proportion  of  those  from  0.5  vol.  per  cent  showed  nega- 
tive phototaxis;  of  the  larvae  transferred  to  sea  water  after  five  hours 
in  the  last  three  solutions,  all  showed  active  contractions  next  day, 
while  all  from  the  control  and  from  0.5  vol.  per  cent  were  dead. 

AncBsthetic  concentration  in  sea  water,  — Ont  vol.  per  cent  causes 
rapid  cytolysis;  0.35  and  0.5  vol.  per  cent  produce  typical  reversible 
anaesthesia;  in  0.25  vol.  per  cent  muscular  anaesthesia  is  incomplete, 
and  slight  contractions  continue. 
Ethyl  urethane.  —  In  my  former  paper  experiments  with  this  ester  were 
described,  but  the  strongest  solution  used,  0.6  per  cent,  was  insufficient 
to  prevent  stimulation  and  loss  of  pigment  in  0.55  m.  NaCl.   In  higher 
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concentrations  xirethane  shows  this  action  typically.  In  4  per  cent 
and  2  per  cent  solutions  immediate  loss  of  pigment  is  prevented, 
stimulation  is  greatly  diminished  and  the  dlia  continue  activity  —  in 
the  2  per  cent  solution  for  an  hour  or  more.  In  i  per  cent  urethane 
there  are  considerable  inmiediate  stimulation  and  loss  of  pigment,  — 
though  both  are  less  than  in  pxure  0.55  m.  NaCl  —  and  the  dlia  cease 
soon. 

Return  to  sea  water.  —  With  all  of  the  above  solutions  recovery  is  at 
first  (within  half  an  hour)  much  greater  than  in  the  control.  The  4 
per  cent  solution  is  gradually  destructive,  and  after  four  hours  no 
revival  was  seen.  With  the  ^  per  cent  solution  recovery  after  five 
hoiurs  was  decidedly  greater  than  in  the  control.  Weaker  solutions 
also  show  well-marked  protective  action,  as  described  in  my  former 
paper. 

Ancesthetic  concentration  in  sea  water.  —  One  per  cent  urethane 
produces  only  partial  anaesthesia.  In  the  2  per  cent  solution  anaesthesia 
is  almost,  and  in  3  per  cent  quite,  complete.  Foiu:  per  cent  is  toxic; 
the  larvae  fail  to  revive  after  four  hours'  exposure,  and  later  undergo 
disintegration. 
Methyl  urethane.  —  Comparatively  few  observations  were  made  with 
this  compound.  Its  action  is  weaker  than  that  of  ethyl  urethane. 
In  s  vol.  per  cent  solutions  in  0.55  m.  NaCl  stimulation  and  loss  of 
pigment  are  well  marked,  but  the  cilia  are  protected  and  remain  active 
for  about  an  hovur.  The  2  per  cent  solution  shows  an  inmiediate  action 
like  that  of  pure  0.55  m.  NaCl. 

Return  to  sea  water.  —  Both  of  the  above  solutions  show  well-marked 
antitoxic  action,  especially  at  first.  The  5  per  cent  solution  is  fatal 
within  four  hoiu^. 

Anasthetic  concentration  in  sea  water. — Two  per  cent  solutions 
show  no  permanent  anaesthetic  action;  and  phototactic  swarming, 
partly  negative,  is  renewed  in  a  few  minutes;  5  p^r  cent  solutions 
anaesthetize  the  musculatiure,  but  the  revival  after  foiu:  hours'  exposxure 
is  imperfect. 
Phenyl  urethane.  —  Satiurated  solutions  of.  this  compound  in  0.55  m.  NaCl 
exhibit  typical  anti-stimulating  and  anti-cytolytic  effects.  There 
is  almost  no  loss  of  pigment,  and  only  slight  immediate  contraction, 
followed  by  instant  relaxation;  the  ciUa  remain  active.  This  solution, 
however,  is  somewhat  too  strong,  and  cytolysis  sets  in  within  two 
hours. 

Return  to  sea  water.  —  Recovery  after  thirty  minutes'  exposure  is 
prompt  and  complete  (much  better  than  in  the  control).   After  cytoly- 
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sis  has  begun  in  the  solution  the  larvae  fail  to  revive  in  sea  water. 
Observations  with  weaker  solutions  were  not  made. 

AfUBsthetic  concentration  in  sea  water,  —  Muscular  anaesthesia  fe 
typical  and  complete  in  saturated  solutions,  but  incomplete  in  half- 
saturated.  The  optimum  is  evidently  intermediate;  in  saturated 
solutions  the  larvae  die  within  a  few  hours;  in  half-saturated  they  con- 
tinue to  live,  but  show  slight  contractions. 

Hydrocarbons.  —  Experiments  with  chloroform,  benzol,  xylol,  and 
toluol  were  briefly  described  in  my  former  paper.  The  three  cyclic 
hydrocarbons  differ  in  their  solubility  in  water,  benzol  being  the  most 
and  xylol  the  least  soluble;  the  physiological  effects  of  their  saturated 
solutions  vary  correspondingly;  benzol  produces  complete  reversible 
muscular  anaesthesia  in  half -saturated  solutions  in  sea  waler,  and 
cytolysis  in  saturated;  for  toluol  half -saturation  is  insufficient  for 
anaesthesia,  which,  however,  is  typical  in  saturated;  xylol  in  saturated 
solution  produces  only  partial  anaesthesia.  In  0.55  m.  NaCl  all  three 
fail  to  prevent  immediate  stimulation  and  loss  of  pigment,  although 
they  show  well-marked  antitoxic  effects  in  concentrations  correspond- 
ing to  anaesthetic  or  slightly  hypo-anaesthetic  solutions  in  sea-water. 
Chloroform  shows  in  NaCl  solutions  typical  anti-stimulating  and 
anti-cytolytic  action  in  concentrations  corresponding  closely  to  those 
causing  typical  anaesthesia  in  sea  water. 

Observations  were  made  last  simMner  with  three  other  substituted 
methanes,  nitromethane,  acetonitrile,  and  carbon  tetrachloride. 

Nitromethane  (CH3NO2).  —  This  compound  shows  highly  characteristic 
action.  In  5  vol.  per  cent  solutions  in  0.55  m.  NaCl  the  larvae 
contract  strongly  at  first  but  without  inunediate  loss  of  pigment;  the 
cilia  cease  soon,  and  cytolytic  action  is  evident  within  fifteen  minutes. 
In  2.5  vol.  per  cent  solution  the  initial  contraction  is  moderate  and 
followed  by  rapid  relaxation  and  cessation  of  movement;  there  is  no 
trace  of  pigment  exit,  and  the  dlia  continue  actively  (in  one  experi- 
ment for  some  hours).  In  1.5  vol.  per  cent  solution  there  are  prolonged 
contraction  and  well-marked  loss  of  pigment,  the  cilia  cease  soon,  and 
muiicular  contractions  continue  for  a  half-hour  or  more. 

Return  to  sea  water.  —  This  is  ineffective  with  the  5  vol.  per  cent 
solution  after  fifteen  minutes;  but  if  returned  to  sea  water  within 
five  minutes  the  larvae  recover  much  more  rapidly  and  completely 
than  the  control.    Larvae  brought  from  2.5  vol.  per  cent  to  sea  water 
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within  half  an  hour  revive  completely,  and  many  show  a  return  of 
phototaxis  (both  positive  and  negative);  after  three  or  more  hours 
revival  is  less  complete. '  In  1.5  per  cent  solutions  the  musculature 
and  general  organization  are  well  protected  for  some  hours,  but  not 
the  cilia.  The  anaesthesia  produced  by  nitromethane  is  very  persist- 
ent, and  revival  in  sea  water  is  correspondingly  gradual,  but  imusually 
complete  if  the  exposure  is  not  too  prolonged. 

AfUBsthetic  concentration  in  sea  water.  —  Five  vol.  per  cent  solu- 
tions in  sea  water  cause  rapid  cytolysis.  In  2.5  vol.  per  cent  anaesthesia 
is  complete  ^nd  normal. 

Acetonitrile  (methyl  cyanide:  CHsCN). — This  compoimd  resembles  nitro- 
methane in  its  action,  although  the  eflFective  concentrations  are 
higher.  In  10  vol.  per  cent  solutions  cytolysis  is  rapid.  In  5  vol.  per 
cent  solutions  the  immediate  stimulation  is  slight,  there  is  no  loss  of 
pigment,  and  the  cilia  remain  active  (for  half  an  hour  or  more). 

Return  to  sea  water.  —  Recovery  after  half  an  hour  in  the  5  vol.  per 
cent  solution  is  much  prompter  and  more  complete  than  in  the  con- 
trol, and  many  larvae  regain  their  phototaxis.  After  ca.  three  hours 
active  contractions  are  renewed  (much  more  active  than  in  the  con- 
trol); after  seventeen  hours  in  the  5  per  cent  solution  no  revival  was 
seen. 

AmBsthetic  concentration  in  sea  water. — Anaesthesia  is  typical  and 
complete  in  ca.  5  vol.  per  cent  solutions,  10  vol.  per  cent  solutions  are 
rapidly  destructive,  and  in  2.5  vol.  per  cent  solution  muscular  anaes- 
thesia is  incomplete. 

Carbon  tetrachloride.  -^  In  its  action  this  compoimd  closely  resembles  ben- 
zol. In  saturated  solution  in  0.55  m.  NaCl  it  is  quickly  destructive. 
In  one-half,  one-third,  and  one-fourth  satiurated  solutions  immediate 
stimulation  and  loss  of  pigment  are  pronoimced,  as  in  the  control; 
in  the  half-saturated  solution  ciliary  movement  is  somewhat  prolonged. 
Return  to  sea  water.  —  Well-marked  protective  action  was  observed 
in  the  one-third  and  one-fourth  saturated  solutions  after  seventeen 
hoxurs'  exposure;  the  half-saturated  solution  was  fatal  with  this  length 
of  exposure,  though  it  showed  distinct  protective  action  at  first. 

Ancdsthetic  concentration  in  sea  water.  —  The  saturated  solution  is 
quickly  toxic.  The  half-saturated  produces  typical  muscular  anaesthe- 
sia, but  causes  some  loss  of  pigment.  In  the  one-third  saturated  solu- 
tion anaesthesia  is  incomplete. 

Phenanthrene  and  naphthalene.  —  These  compounds  are  too  insoluble  to 
produce  any  appreciable  effects  in  sodium  chloride  solution.  The 
saturated  solutions  in  sea  water  show  little  or  no  anaesthetic  action; 
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the  only  evident  effect  is  a  disturbance  of  the  heliotropic  swarming 
which  disappears  in  naphthalene-saturated  sea  water  within  a  minute; 
later,  however,  a  slight  negative  phototaxis  shows  itself.  In  sea  water 
saturated  with  phenanthrene  the  normal  heliotropic  swarming  con- 
tinues almost  imaffected  at  first,  but  later  the  sense  of  the  response  is 
largely  reversed;  within  one  hour  about  half  of  the  larvae  show  a  n^a- 
tive  phototaxis;  the  rest  remain  positive. 

Chloral  hydrate.  —  Observations  with  this  compound  were  described  in  my 
former  paper.  Its  action  is  apparently  too  gradual  to  prevent  the 
inunediate  stimulation  and  loss  of  pigment,  though  in  favorable  con- 
centrations it  retards  the  disintegration  caused  by  pxure  NaCl  solu- 
tions and  shows  well-marked  antitoxic  action.  In  sea  water  muscular 
anaesthesia  comes  on  gradually,  but  completely  in  solutions  of  0.12  to 
0.2  per  cent;  in  0.08  per  cent  there  is  partial  inhibition  of  muscular 
movements,  incomplete  after  eighteen  hours.  Concentrations  of  0.5 
per  cent  and  upward  are  toxic. 

Chloralose.  —  This  compound  is  too  insoluble  to  show  well-marked  action. 
In  satiurated  solutions  in  0.55  m.  NaCl  the  initial  stimulation  and  loss 
•  of  pigment  are  similar  to  the  control,  and  the  dlia  cease  movement  at 
once;  muscular  contractions  continue  for  some  time  in  this  solution 
(an  effect  like  that  of  other  hypo-anaesthetic  solutions),  and  there  is  a 
distinct  general  protective  action. 

Return  to  sea  water.  —  Transfer  to  sea  water  after  an  hoxu:  in  the 
above  solution  is  followed  by  decidedly  more  complete  revival  than 
in  the  control;  after  twenty  hours'  exposure  there  was  some  revival 
in  sea  water,  and  the  general  disintegration  was  less  than  in  the  control. 
Anasthetic  action  in  sea  water.  —  In  chloralose-satiurated  sea  water 
the  larvae  show  normal  heliotropic  swarming  at  first;  but  a  well- 
marked  anaesthetic  action  asserts  itself  in  time;  in  an  hour  the  muscu- 
lar contractions  have  almost  ceased.  Return  to  sea  water  after  six 
hours  is  followed  by  complete  revival. 

Paraldehyde.  —  In  3  vol.  per  cent  and  4  vol.  per  cent  solutions  in  0.55  m. 
NaCl  the  immediate  stimulation  and  loss  of  pigment  are  prevented  or 
greatly  decreased,  and  ciliary  breakdown  is  checked.  Prolonged 
action  of  these  solutions  is  injurious.  The  protective  action  is  well 
marked  at  first  (up  to  ten  or  fifteen  minutes),  but  the  larvae  die  within 
an  hour.  No  observations  were  made  with  weaker  solutions.  Anaes- 
thesia in  sea  water  is  complete  in  2.5  vol.  per  cent  solutions;  5  vol. 
per  cent  is  too  concentrated  and  causes  rapid  cytolysis. 

Acetanilide.  —  In  saturated  solutions  of  acetanilide  in  0.55  m.  NaCl  there 
is  only  slight  stimulation  with  almost   no  immediate  loss  of  pig- 
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ment,  and  ciliary  movement  is  prolonged.  Within  an  hour  cytolytic 
action  sets  in.  Protection  is  well  marked  at  first;  larvae  transferred  to 
sea  water  after  ten  minutes  revive  promptly  and  completely,  many 
renewing  their  heliotropic  swarming;  after  half  an  hour's  exposure  con- 
tractions also  revive  much  more  completely  than  in  the  control;  but  an 
hour's  exposure  is  fatal.  The  saturated  solution  in  sea  water  produces 
t)rpical  complete  muscular  anaesthesia,  with  continuance  of  ciliary 
movement.  This  concentration  is  higher  than  the  optimiun  and  causes 
injury  or  death  with  prolonged  exposiu-e. 

Phenyl  urea,  —  Saturated,  three-fourths  satiu-ated,  and  half-saturated  solu- 
tions of  this  compoimd  in  0.55  m.  NaCl  fail  to  prevent  the  immedi- 
ate stimulation  and  loss  of  pigment;  in  the  first  two  concentrations 
ciliary  movement  is  prolonged;  in  the  half-saturated  solution  the 
dlia  cease  soon,  and  muscular  contractions  continue  for  some  time 
(the  usual  effect  of  hypo-anaesthetic  solutions). 

Return  to  sea  water.  —  Transfer  to  sea  water  after  an  hour  in  the 
above  solutions  is  followed  by  more  complete  revival  than  in  the  con- 
trol (best  with  the  half-saturated  solution).  After  eighteen  hoiu-s' 
exposure  no  revival  was  seen. 

AfUBsthetic  concentration  in  sea  water.  — ^  The  satiu-ated  solution 
causes  contraction  and  loss  of  pigment  followed  by  complete  muscular 
anaesthesia.  This  solution  is  fatal  within  a  few  hoiu-s.  In  half -saturated 
solutions  anaesthesia  is  incomplete. 

Phenacetin  and  methacetm.  —  These  compounds  are  too  insoluble  to  influ- 
ence the  action  of  0.55  m.  NaCl.  The  saturated  solutions  in  sea 
water  have  no  apparent  anaesthetic  action;  the  larvae  show  the  usual 
strong  positive  phototaxis  in  such  solutions;  the  only  effect  noted  was 
an  increased  vigor  of  ciliary  movement  in  the  phenacetin  solution. 


III.  General  Discussion. 

On  reviewing  the  above  observations  certain  fundamental  uniformi- 
ties in  the  action  of  the  different  anaesthetics  are  seen.  In  the  first 
place  it  appears  that  those  strengths  of  solution  which  in  sea  water 
produce  typical  muscular  anaesthesia  are  the  most  effective  in  pre- 
venting both  the  immediate  strong  muscular  contraction  in  the  sodixim 
chloride  solution  and  the  immediate  exit  of  pigment  from  the  body 
cells.  This  parallelism  is  highly  characteristic,  and  affords  strong 
indication  that  the  primary  basis  of  both  stimulating  and  pigment- 
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liberating  actions  is  the  same,  namely,  a  rapid  and  well-marked 
increase  in  the  permeability  of  the  limiting  membranes  of  the  cells. 
In  all  those  cases  where  the  anaesthetic  plainly  increases  the  resistance 
of  the  pigment-containing  cells  to  the  permeability-increasing  action 
of  the  salt  solution  it  is  found  that  the  muscle  cells  also  become  resist- 
ant or  irresponsive  to  its  stimulating  action.  In  the  converse  group 
of  cases  {e.  g,,  chloral  hydrate,  chloralose,  phenyl  urea,  hydrocarbons) 
where  the  anaesthetic  fails  to  prevent  the  immediate  strong  stimula- 
tion on  contact  with  the  solution  —  apparently  because  of  a  too  grad- 
ual action  —  it  also  fails  to  prevent  the  exit  of  pigment.  With  most 
anaesthetics  that  produce  prompt  and  typical  anaesthesia  both  effects 
undergo  a  simultaneous  and  closely  parallel  decrease  or  prevention 
in  solutions  of  appropriate  concentration.  Secondly,  the  general 
cytol>iic  or  toxic  action  of  the  salt  solution  is  also  in  all  cases  de- 
creased or  retarded  in  the  presence  of  the  anaesthetic,  so  that  the 
larvae  on  return  to  sea  water  recover  their  normal  movements  and 
behavior  more  completely  than  after  a  similar  exposure  to  the  pure 
solution.  Substances  of  this  class,  in  anaesthetic  or  moderately 
hypo-anaesthetic  concentrations,  thus  exert  a  definite  protective  or 
antitoxic  action;  this  is  best  marked  in  those  cases  where  the  initial 
stimulation  and  loss  of  pigment  are  entirely  prevented,  but  it  is 
shown  also,  though  in  general  to  a  less  degree,  even  where  no  such 
immediate  antagonistic  action  is  apparent. 

The  evidence  at  present  available  indicates  that  the  anaesthetic 
produces  these  various  effects  by  imparting  to  the  plasma  membranes 
or  other  surface  structures  (as  cilia)  an  increased  resistance  to  the 
alterative  or  disintegrative  action  of  the  pure  salt  solution.  This  it 
does  presumably  by  altering  the  physical  state  of  the  lipoid  components 
of  these  structiu*es;  the  permeability-increasing  and  other  associated 
effects  ordinarily  caused  by  the  salt  solution  —  including  stimulation, 
and  toxic  action  —  are  thus  checked  or  prevented,  for  a  time  at  least. 
It  might  be  urged  that  the  above  observations  contain  no  direct 
proof  that  changes  in  the  permeability  of  the  pigment-cell  membranes 
form  any  index  of  similar  changes  in  the  membranes  of  the  irritable 
elements.  This  may  be  admitted,  although  the  conditions  controlling 
the  permeability  of  cells  have  been  shown  to  be  so  widely  uniform  that 
any  objection  thus  based  seems  rather  formal  than  real.  There  is, 
however,  independent  evidence  that  the  anaesthetic  acts  alike  on  the 
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pigment  cells  and  on  the  contractile  elements  in  the  fact  that  it  pro- 
tects both  simultaneously  against  the  toxic  or  destructive  action 
which  the  pure  salt  solution  exerts  on  both.  The  initial  action  of 
the  pure  salt  solution  on  pigment  cells  and  on  muscle  cells  thus  ap- 
pears to  be  essentially  the  same;  and  since  clear  evidence  exists  in 
the  case  of  the  pigment  cells  that  this  action  consists  in  a  marked 
and  rapid  increase  of  surface  permeability,  it  is  to  be  inferred  that  in 
the  muscle  cells  also  a  similar  change  takes  place.  If  the  anaesthetic 
demonstrably  prevents  this  rapid  increase  of  permeability  in  the  one 
case,  it  may  be  assumed  to  do  so  in  the  other.  We  infer,  therefore, 
that  it  prevents  stimulation  and  toxic  action  by  preventing  the  rapid 
increase  of  permeability  essential  to  both  processes. 

Increase  of  permeability  in  the  pigment  cells,  as  shown  by  exit  of 
pigment,  appears  in  the  great  majority  of  instances  to  be  a  reliable 
index  of  the  occurrence  of  similar  changes  in  the  irritable  elements. 
There  is,  however,  even  at  this  early  stage,  considerable  differentiation 
among  the  cells  of  Arenicola  larvae,  and  the  above  rule  appears  to  be 
not  invariable;  certain  anaesthetics,  e,  g,,  ethyl  butyrate,  ethyl  vale- 
rianate, and  chloroform  in  higher  concentrations,  extract  consider- 
able quantities  of  pigment  in  sea  water,  although  causing  anaesthesia 
without  marked  preliminary  stimulation.  A  certain  selective  afl^ity 
of  different  cells  for  different  anaesthetics  seems  thus  already  to  exist 
in  these  organisms.  The  existence  of  such  cases  does  not  alter  the 
general  rule;  the  above  substances,  though  attacking  the  pigment 
cells,  show  typical  anti-cytolytic  or  protective  —  as  well  as  anaesthetic 
—  action  on  the  muscle  cells  themselves.  In  the  great  majority  of 
instances  the  degree  of  inmaediate  exit  of  pigment  in  sodiiun  chloride 
solutions  containing  anaesthetics  —  or  antitoxic  salts  like  calcium  or 
magnesiimi  chloride  —  exhibits  a  close  parallelism  with  the  intensity 
of  the  stimulating  action  on  the  musculature. 

These  observations  have  an  obvious  bearing  on  the  general  problem 
of  the  nature  of  the  critical  or  primary  change  in  the  stimidation  of 
irritable  tissues  in  general.  That  a  change  of  electrical  polarization 
at  the  semi-permeable  membranes  of  the  irritable  elements  is  the  essen- 
tial change  in  electrical  stimulation  has,  since  Nemst's  study  of  this 
problem,  been  very  generally  recognized  by  physiologists.  It  seems 
improbable  that  a  polarization  change  at  the  limiting  membranes 
can  be  an  exclusive  peculiarity  of  the  electrical  form  of  stimulation; 
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other  forms  of  stimulation  ought  theoretically  to  be  assodated  with 
a  similar  effect,  since  all  stimuli  elicit  the  same  essential  response  in  . 
an  irritable  tissue.  If  this  inference  is  correct,  there  should  be  a  phys- 
iologically produced  change  in  the  polarization  of  the  limiting  mem- 
branes during  normal  stimulation;  and  the  electrical  variation  of 
stimulation  is  evidence  that  this  is  in  fact  the  case.  There  is  already 
wide  agreement  among  general  physiologists  that  the  state  of  excita- 
tion is  associated  with  a  variation  of  electrical  polarization  at  the 
limiting  membranes.  But  apparently  little  agreement  exists  as  yet 
with  regard  to  the  nature  of  the  process  that  immediately  conditions 
this  change  of  polarization.  The  latter  might  conceivably  be  a 
chemical  effect,  due  e,  g,  to  an  increased  rate  of  oxidations,  altering 
the  ionic  content  of  the  protoplasm  adjoining  the  membrane  independ- 
ently of  alterations  in  the  membrane  itself;  or  it  might  be  the  expres- 
sion of  purely  physical  changes  in  the  membrane,  e,  g.,  changes  of 
permeability,  affecting  directly  its  influence  on  ionic  diffusion  and  so 
its  polarization;  or  possibly  both  kinds  of  factors  might  be  concerned. 
Any  experimental  evidence  that  the  properties  of  the  membrane  are 
in  fact  altered  during  stimulation  has  thus  an  important  bearing  on 
the  general  problem  of  stimulation. 

The  above  observations  show  that  correlated  with  the  loss  of  irri- 
tability is  a  definite  alteration  in  the  character  of  the  limiting  mem- 
branes. These  become  more  resistant  to  changes  in  their  permeability 
as  the  irritable  tissue  becomes  more  resistant  to  stimulation.  This 
fact  supports  the  view  that  in  stimulation  an  increase  in  the  per- 
meability of  the  membranes  is  essential.  Apparently  normal  irrita- 
bility is  associated  with  a  certain  state  of  the  plasma  membrane, 
in  which  the  latter  imdergoes  increase  of  permeability  under  certain 
conditions  —  especially  changes  in  its  electrical  polarization  —  with  a 
certain  characteristic  degree  of  readiness.  During  anaesthesia  this 
readiness  is  decreased.  The  inexci table  condition  produced  by 
anaesthetics  thus  corresponds  to  one  in  which  permeability  is  altered 
with  difficulty. 

Other  facts  and  considerations,  in  part  already  well  known,  sup- 
port this  view.  The  most  constant  features  of  the  stimulation  process 
seem  to  be  (i)  the  existence  of  a  negative  electrical  variation,  and  (2) 
the  existence  of  an  inexcitable  or  so-called  refractory  period  during  a 
certain  time  after  the  beginning  of  the  response.    The  time  relations 
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of  these  two  apparently  quite  different  eflfects  appear  to  correspond 
closely.^  The  primary  change  in  stimulation  must  therefore  be  of 
such  a  kind  as  to  account  for  both.  The  only  h)T)othesis  —  so  far 
as  I  know  —  which  gives  a  theoretically  satisfactory  explanation  of 
this  conjunction  is  that  which  refers  both  changes  to  a  temporary  and 
well-marked  increase  in  the  general  permeability  of  the  limiting  mem- 
branes of  the  irritable  elements.  Such  an  increase  would  deprive 
the  membranes  of  their  capability  of  becoming  the  seat  of  an  electri- 
cal polarization;  it  would  therefore  account  for  the  observed  fall  in 
the  potential  difference  between  the  interior  and  exterior  of  the  irri- 
table elements  during  stimulation,  as  well  as  for  the  inability  of  the 
tissue  to  respond  to  electrical  excitation  at  this  time,  since  this  re- 
sponse depends  (as  Nemst  and  his  successors  have  sliown)  on  the 
production  of  polarization  effects  at  the  semi-permeable  membranes, 
and  during  stimulation  the  necessary  semi-permeability  is  lost.  In 
addition  to  these  theoretical  grounds  for  regarding  an  increase  of 
permeability  as  a  necessary  and  primary  condition  of  stimulation, 
there  are  various  direct  observations  which  point  in  the  same  direc- 
tion. I  have  several  times  reviewed  these  observations  and  need 
refer  to  them  here  only  briefly.  Perhaps  the  most  unequivocal  evi- 
dence of  this  kind  is  the  fact  that  in  motile  plant  cells  (of  Mimosa, 
Dionaea,  etc.)  definite  osmotic  effects  accompany  stimulation,  and 
indeed  form  the  essential  condition  of  the  response.  The  turgor  of 
these  cells  is  temporarily  lost;  and  since  turgor  depends  on  the  semi- 
permeability  of  the  plasma  membranes,  loss  of  turgor  is  a  direct  indi- 
cation of  loss  of  semi-permeability.  No  satisfactory  substitute  for 
this  simple  and  adequate  explanation  has,  to  my  knowledge,  as  yet 
been  proposed.  It  is  imlikely  that  the  stimulation  process  differs  in 
its  essential  nature  in  the  two  groups  of  organisms;  and  the  above- 
described  experiments  with  Arenicola  larvae  indicate  clearly  that  in 
the  irritable  tissues  of  animals  the  limiting  membranes  also  imdergo 
temporary  increase  in  permeability  during  stimulation.  There  is 
also  strong  evidence  that  narcotic  action  in  plants  is  dependent  on  a 
change  in  the  character  of  the  membranes  identical  with  that  just 
described.  Anaesthetics  prevent  the  characteristic  response  of  Mimosa 
and  plants  with  similar  mechanisms;  i.  e.,  the  ether-impregnated 
plasma  membranes  no  longer  imdergo  rapid  increase  of  permeability 
*  C/.  Tait:  Quarterly  journal  of  experimental  physiology,  1910,  iii,  p.  221. 
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on  stimulation,  but  retain  their  semr-permeability,  so  that  turgor 
remains  unaltered.' 

The  above-described  protective  or  antitoxic  action  of  anaesthetics 
resembles  in  all  essential  respects  that  of  salts  like  calcium  or  magne- 
siiun  chloride,  and  both  seem  primarily  due  to  the  influence  of  the 
antitoxic  agent  on  the  plasma  membranes  or  other  surface  structiures 
concerned  (cilia).  The  suggestion  that  in  antagonistic  salt-actions 
the  antitoxic  salt  acts  by  modifying  the  permeabiUty  of  the  membranes 
to  the  toxic  salt,  thus  preventing  the  entrance  of  the  latter  into  the 
protoplasm,  has  been  made  by  several  investigators,^®  and  lately 

•  Osterhout's  observations  on  decrease  in  the  electrical  conductivity  of 
fronds  of  the  common  kelp  (Laminaria)  imder  the  influence  of  anaesthetics  indicate 
that  the  plasma  membranes  undergo  decrease  in  their  general  permeability  dur- 
ing anaesthesia.  Membranes  so  altered  in  irritable  tissues  would  presim:iably 
undergo  the  marked  permeability  increase  essential  to  stimulation  —  an  increase 
sufficient  for  loss  of  semi-permeability,  as  shown  by  the  conditions  in  Mimosa  — 
with  less  readiness  than  normally.  If  a  change  in  the  electrical  polarization  of 
the  membrane  sufficient  to  cause  this  increase  of  permeability  in  the  normal  mem- 
brane no  longer  produced  such  an  effect,  the  tissue  would  show  itself  inexdtable 
to  stimulation.  My  own  observations  in  Arenicola  larvae  led  me  to  infer  several 
years  ago  that  anaesthetic  action  was  associated  with  a  decrease  of  permeability. 
C/.  this  Journal,  1909,  xxiv,  p.  30  seg, 

*°  The  view  that  pure  solutions  of  sodium  chloride  exert  toxic  action  by  abnor- 
mally increasing  the  permeability  of  the  cell  membranes,  and  that  calcium  and 
other  antitoxic  salts  act  by  counteracting  this  effect,  was  first  put  forward  by 
Herbst,  in  an  extensive  paper  published  early  in  1904  (Archiv  ftir  Entwick- 
lungsmechanik,  xvii,  p.  306).  He  describes  experiments  with  young  eels,  similar 
to  J.  Loeb's  earlier  experiments  with  Fundulus  (this  Journal,  1900,  iii,  p.  331), 
and  concludes  that  the  injurious  action  of  the  pure  NaCl  solution  on  these  animals 
is  due  largely  to  a  permeability-increasing  action  on  the  respiratory  epithelium 
of  the  gills,  permitting  undue  entrance  of  the  toxic  salt;  associated  with  this 
effect  is  a  loosening  of  the  union  between  the  epithelial  cells;  both  effects  depend 
on  an  alteration  of  the  surface  membranes  of  the  cells,  and  are  prevented  by  the 
presence  of  calcium  {cf.  pp.  439-444).  He  regards  other  cases  of  antitoxic  action 
of  salts  as  probably  an  expression  of  similar  surface  changes  {cf.  also  the  section 
on  the  r61e  of  calcium,  p.  476).  G.  N.  Stewart  in  1904  (American  yearbook  of 
medicine  and  surgery,  Medicine,  1904,  p.  527),  at  the  end  of  a  review  of  the  im- 
portant paper  of  Loeb  and  Gies  on  the  antitoxic  action  of  salts  (Archiv  fiir  die 
gesammte  Physiologie,  1902,  xciii,  p.  246)  — in  which  the  effects  are  referred  to 
changes  in  the  protoplasmic  colloids,  particularly  the  lipoids  —  writes:  "The 
possibility  ought  to  be  taken  into  account  that  an  apparent  antitoxic  action  may 
sometimes,  or  in  some  part,  be  due  to  the  production  of  a  change  in  the  permeabil- 


Digitized  by 


Google 


Antagonism  between  Salts  and  Anesthetics.  281 

considerable  evidence  has  accumulated  in  its  favor.  The  presump- 
tion imtil  recently  has  always  been  that  the  toxic  substance  must 
first  enter  the  cell  protoplasm,  and  confusion  has  been  introduced  by 
a  failure  to  take  into  account  the  properties  of  the  plasma  membranes. 
It  has  seemed  necessary  to  many,  in  order  to  explain  the  physiological 
action  of  salts,  to  assiune  that  these  substances  readily  enter  all  cells; 
and  this  point  of  view  was  in  fact  definitely  upheld  by  Loeb  ^^  and 
others,  in  opposition  to  Overton's  contention  that  the  plasma  mem- 
brane, as  an  essentially  semi-permeable  structure,  is  in  its  unaltered 
state  impermeable  to  neutral  salts.  If  salts  do  not  enter  cells,  how 
can  they  exert  toxic  or  other  physiological  action?  Overton  ^  sug- 
gested that  salts  might  affect  intracellular  processes  by  a  purely 
superficial  action,  without  entrance  into  the  cell,  but  this  point  of 
view  has  hitherto  received  Uttle  attention. 

Observations  on  Arenicola  larvae  and  sea-urchin  eggs  led  me  some 
years  ago  to  the  conclusion  that  what  was  essential  in  the  toxic  action 
of  pure  sodiimi  chloride  and  similar  solutions  was  not  the  entrance  of 
the  salt  into  the  cells,  but  its  general  disintegrative  or  permeability- 

ity  of  the  celb  to  the  toxic  ions  and  not  to  an  actual  neutralization  of  their  effects 
within  the  cell  protoplasm."  This  suggestion  has  an  evident  relation  to  his 
earlier  expressed  view  that  toxic  agents  like  haemolysins  "act  primarily  by  alter- 
ing the  permeability  of  the  cell  envelope"  (c/.  this  Journal,  1903,  ix,  p.  80);  infer- 
entially,  therefore,  an  antitoxic  agent  prevents  this  action.  Mathews*  experi- 
ments with  Fimdulus  eggs  in  the  summer  of  1904  led  him  to  conclude  that  changes 
in  the  permeability  of  the  egg  membranes  played  an  essential  part  in  the  antitoxic 
action;  thus  the  coagulative  action  of  salts  of  cobalt,  nickel,  and  manganese  on 
the  egg  protoplasm  was  delayed  in  the  presence  of  calcium.  "  We  may  conclude, 
therefore,  that  when  calcium  is  present  the  cobalt,  nickel,  and  manganese  do  not 
enter  the  egg,  and  accordingly  the  embryo  is  protected  from  them"  (this  Journal, 
1905,  xii,  p.  441).  Somewhat  later  Loeb  also  called  attention  to  the  possibility 
that  salts  like  calcium  chloride  may  prevent  the  toxic  action  of  sodiimi  chloride 
solution  by  altering  the  surface  layer  of  the  protoplasm,  thus  preventing  the 
entrance  of  a  toxic  excess  of  the  salt  (Archiv  fiir  die  gesammte  Physiologie,  1905, 
cvii,  p.  252),  but  without  bringing  forward  specific  evidence  in  support  of  this 
hypothesis.  Recently  he  has  reaflftrmed  this  view,  and  his  latest  contribution  to 
the  subject  (Science,  N.  S.,  191 2,  xxxvi,  p.  639)  contains  definite  experimental 
evidence  in  its  favor. 

"  C/.  J.  Loeb:  Dynamics  of  living  matter  (Macmillans,  1906,  p.  41  seq).,  and 
the  article  "Ueber  physiologische  lonenwirkungen  "  in  Oppenheimer's  Handbuch 
dier  Biochemie,  1909,  ii  (i),  p.  104. 

"  Overton:  Archiv  fiir  die  gesammte  Physiologie,  1904,  cv,  p.  176. 


Digitized  by 


Google 


282  Ralph  S.  LUlie. 

increasing  action  on  the  plasma  membranes."  Prevention  of  this 
effect,  as  by  the  addition  of  calciimi,  thus  involves  antitoxic  action. 
Various  experiments  were  then  cited  supporting  this  contention.  It 
was  found,  for  instance,  that  if  Arenicola  larvae  are  first  treated  for 
a  few  minutes  with  magnesiiun  chloride  the  permeability-increasing 
action  of  subsequent  exposure  to  pure  sodium  chloride  solutions  is 
prevented,  and  simultaneously  the  toxic  action  is  greatly  reduced.^* 
Alteration  of  surface  permeability  appears  thus  to  be  the  essential 
in  this  form  of  toxic  action.  In  general  we  must  assign  to  the  plasma 
membrane  the  significance  of  a  diffusion-preventing  and  hence  semi- 
permeable surface  film,  whose  integrity  is  essential  to  the  preservation 
of  the  normal  composition  of  the  protoplasm.^*  Protection  against 
the  destruction  of  this  semi-permeabiUty  by  toxic  agents  is  thus 
equivalent  to  antitoxic  action.^*  According  to  this  point  of  view 
the  semi-permeability  of  the  plasma  membrane  is  no  merely  incidental 
property,  but  one  essential  to  the  maintenance  of  the  normal  composi- 
tion and  properties  of  the  cell;  hence  agencies  or  conditions  that  de- 
prive the  membranes  of  their  semi-permeability  are  toxic,  and  in 
such  cases  the  antitoxic  agent  works  by  counteracting  this  action. 

Structures  like  membranes  ordlia  may  be  protected  against  break- 
down in  pure  sodiiun  chloride  solution  either  by  salts,  as  calcium  or 
magnesiimi  chloride,  which  presumably  affect  the  total  colloids  of 
the  membrane,  or  by  organic  anaesthetics,  which  act  selectively  on 
the  lipoids.   Antagonisms  of  this  kind  are  thus  not  confined  to  antago- 

*'  Cf.  my  two  papers  in  this  Journal,  1909,  xxiv,  pp.  14  and  459;  also  1910, 
xxvi,  p.  106. 

"  Loc.  cU.y  1909;  c/.,  e.  g.y  p.  487;  cf.  also  this  Joumal,  191 1,  xxvii,  p.  296. 

"  For  a  f idler  discussion  of  this  subject  cf.  Biological  buUetin,  1909,  irsdi,  p.  188; 
this  Journal  1910,  xxvi,  p.  106.  Macallum  (Journal  of  the  Royal  Society  of 
Canada,  3d  Series,  1908,  p.  145),  Zangger  (Ergebnisse  der  Physiologic,  1908, 
vii,  p.  138  and  elsewhere),  and  Hoeber  (Physikalische  Chemie  der  Zelle  und  der 
Gewebe,  3d  ed,  191 1,  p.  252)  have  assigned  a  similar  significance  to  the  semi- 
permeability  of  the  plasma  membrane.  Similar  considerations  apply  to  the 
membranes  or  other  colloidal  partitions  inside  the  cell;  these  may  thus  play  an 
important  r61e  in  intracellular  differentiation,  as  first  suggested  by  Hofmeister 
in  his  "Chemische  Organization  der  Zelle,"  Jena,  1901. 

"  This  interpretation  of  the  antitoxic  action  of  salts  has  been  adopted  by  J. 
LoEB  in  his  more  recent  discussions  of  this  problem.  Cf.  Science,  N.  S.,  191 1, 
xxxiv,  p.  653;  Biochemische  Zeitschrift,  191 1,  xxxvi,  p.  277;  191 2,  xxxix,  p.  194; 
xliii,  p.  181. 
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nisms  between  ions,  and  the  conception  of  equilibrated  salt  solutions, 
valuable  as  it  is,  is  not  broad  enough  to  include  the  entire  range  of 
phenomena.^^  The  character  and  concentration  of  the  ions  in  the 
protoplasm  and  medium  are  not  the  only  factors  determining  the 
condition  of  the  plasma  membrane;  the  non-electrolytes,  especially 
those  which  influence  the  state  of  the  lipoids,  are  perhaps  equally 
important.  The  above  observations  furnish  direct  evidence  that 
the  condition  of  the  lipoids  in  the  plasma  membranes  determines  the 
rate  and  degree  of  action  of  toxic  substances  as  well  as  of  stimulating 
agencies.  These  phenomena  have  an  evident  relation  to  those  cases 
where  the  addition  of  a  Upoid  to  the  medimn  influences  toxic  action 
—  whether  as  activator  or  inhibitor;  cholesterol  in  particular  shows 
well-marked  protective  action  in  a  variety  of  relations;  ^^  it  may 
protect  blood  corpuscles  against  haemolytic  agents;  it  also  has  been 
shown  to  increase  the  resistance  of  artificial  lipoid-impregnated  mem- 
branes to  alteration  by  similar  agents.^^  Apparently  changes  in  the 
state  of  the  lipoids  already  present  in  the  membranes  may  have 
similar  effects. 

The  precise  r61e  of  the  lipoids  in  the  plasma  membranes  requires 
further  research  for  its  elucidation.  Their  condition  in  some  way 
exerts  a  far-reaching  control  over  cell  processes.  A  relation  to  oxida- 
tions has  been  suggested  by  some  investigators.  According  to  Walde- 
mar  Koch  ^®  it  is  possible  that  **  phosphatides  may,  by  means  of  their 

"  LoEB  and  Gres  were  unable  to  obtain  satisfactory  evidence  of  antitoxic 
action  between  electrolytes  and  non-electrolytes  (Archiv  fur  die  gesammte  Physi- 
ologie,  1902,  xciii,  p.  246),  and  concluded  that  non-electrolytes  differed  funda- 
mentally from  electrolytes  in  their  relation  to  this  class  of  antagonistic  action.  It 
would  appear,  however,  that  non-electrolytes  which  influence  lipoids  form  an 
exception  to  this  rule.  The  state  of  these  colloids  is  obviously  influenced  by  other 
factors  than  the  nature  of  the  ions  present. 

"  Zangger  gives  a  general  discussion  of  these  "antitoxic  effects  of  lipoids 
especiaUy  of  cholesterol"  in  a  paper  on  "die  Lnmunitats-Reaktionen  als  physika- 
lisches  speziell  als  Colloid-Phanomen"  in  Vierteljahrsschrift  der  naturforschenden 
Gesellschaft  in  Zurich,  1908,  liii,  p.  408.  Cf.  also  the  article  of  Landsteiner  in 
Oppenheimer's  Handbuch  der  Biochemie,  Bd.  ii  (i),  section  on  haemolysis,  pp. 
444  seq,y  for  a  summary  of  the  chief  facts,  and  literature. 

^'  Pascucci:  Beitrage  zur  chemischen  Physiologie  imd  Pathologie,  1905,  vi, 

p.  543. 

'°  ^OCH,  W.:  Journal  of  pharmacology  and  experimental  therapeutics,  1910,  ii, 
p.  265. 
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unsaturated  adds,  play  a  r61e  in  oxidations  or  in  the  attraction  of 
tissues  for  oxygen/'  Certain  facts  of  antitoxic  action  show  a  certain 
harmony  with  this  view.  Loeb  has  recently  shown  that  some  forms 
of  toxic  action  are  more  rapid  in  the  presence  of  oxygen  than  in  its 
absence  or  in  presence  of  cyanide.  Apparently  oxidation  processes 
are  contributory  or  accessory  to  the  destructive  action  in  such  cases.*^ 
If  for  these  destructive  oxidations  the  participation  of  the  lipoids  in 
the  membranes  is  necessary,  checking  these  oxidations  might  prevent 
the  toxic  action  by  preventing  alteration  of  the  lipoids,  thus  prevent- 
ing breakdown  of  the  membrane.  Similar  considerations  would, 
however,  apply  to  any  kind  of  toxic  action  in  which  oxidations  were 
a  factor.  Loeb's  papers  on  this  subject  contain  no  evidence  that  he 
regards  the  membranes  as  the  seat  of  the  essential  toxic  action.  Cy- 
anides do,  however,  check  the  permeability-increasing  action  of 
sodium  salt  solutions  on  echinoderm  eggs,  just  as  do  lipoid  solvents 
or  calcium  salts.^  This  fact  harmonizes  with  the  supposition  that 
oxidation  processes  play  a  part  in  the  breakdown  of  the  membranes 
under  certain  kinds  of  toxic  action;  and  possibly  the  lipoids  —  since 
their  modification  by  anaesthetics  has  a  similar  protective  effect  — 
are  concerned  in  these  oxidations.  Further  discussion  of  this  prob- 
lem is  best  deferred  until  the  accumulation  of  further  data. 

It  must  be  recognized  that  the  problem  of  the  nature  and  condi- 
tions of  toxic  and  antitoxic  action  —  whether  of  salts  or  of  other  sub- 
stances —  falls  into  the  same  essential  category  with  the  wider  prob- 
lem of  the  nature  and  conditions  of  physiological  antagonisms  in 
general.  The  relations  normally  existing  in  organisms  between  stimu- 
lation and  inhibition  —  which  are  evidently  opposite  phases  of  the 
same  process  —  call  for  consideration  here.  According  to  the  evidence 
of  the  above  experiments,  stimulation  and  inhibition  under  the 
influence  of  salts  and  anaesthetics  are  —  like  the  toxic  and  antitoxic 
action  of  these  substances  —  dependent  on  changes  in  the  state  of 
the  limiting  membranes.  I  have  already  discussed  the  conditions 
of  stimulation  in  some  detail.  The  conditions  of  the  inverse  process 
of  inhibition  in  the  normal  organism  are  probably  fimdamentally 
similar  to  those  of  artificial  inhibition  under  the  influence  of  anaes- 
thetics, salts,  or  the  electric  current  (anelectrotonus).     On  this  view 

"  LoEB,  J.:  Biochemische  2^itschrift,  1910,  xxvii,  p.  304;  xxix,  p.  8o, 
^  Lillie,  R.:  this  Journal,  191 2,  xxx,  p.  i. 
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inhibition  is  the  expression  of  a  change  in  the  state  of  the  plasma 
membranes,  opposite  in  kind  to  that  associated  with  stimulation; 
t.  e.,  the  membrane  is  rendered  by  inhibition  less  susceptible  than 
normally  to  permeabiUty  increase  and  hence  to  stimulation.  Ex- 
actly how  this  occurs  is  as  yet  imknown.  If,  however,  stimulation 
is  the  expression  of  a  change  of  electrical  polarization  in  the  one 
direction  (depolarization),  a  polarization  change  in  the  opposite 
direction  is  probably  concerned  in  inhibition.  In  the  reflexes  of 
higher  animals  excitation  of  one  set  of  motor  neurones  involves  the 
inhibition  of  the  antagonistic  set, -as  Sherrington  has  shown,  though 
the  conditions  of  this  interference  remain  unexplained.  An  electro- 
tonic  influence  of  one  set  of  neurones  on  the  other  seems  the  most  likely 
basis  of  such  an  effect;  and  this  interpretation  is  supported  by  cer- 
tain phenomena  of  galvanotropism  in  which  the  orienting  or  direc- 
tive influence  of  the  external  electric  current  depends  on  a  simultane- 
ous inhibition  and  reinforcement  of  opposite  motor  innervations  which 
are  undoubtedly  of  central  origin.^  Sherrington  has  put  forward  the 
hypothesis  that  alterations  in  the  state  of  the  membranes  at  the 
synaptic  junctions  are  a  condition  of  inhibition,^  an  explanation 
plainly  consistent  with  the  general  point  of  view  advocated  in  this 

"  Cf.  the  observations  of  Loeb  arid  Garrey  on  Amblystoma  (Archiv  fUr  die 
gesammte  Physiologic,  1896,  Ixv,  p.  41),  and  Loeb  and  Maxwell  (Ibid.,  1896, 
Ixlii,  p.  121)  on  Pakemonetes. 

That  is,  external  electrical  conditions  that  favor  the  activity  of  one  set  of 
neurones  inhibit  the  activity  of  the  antagonistic  set.  Similarly,  the  electrical 
variations  that  normally  accompany  the  activity  of,  e,  g,,  the  flexor  neurones  may 
be  incompatible  with  —  or,  in  other  words,  may  inhibit  —  the  activity  of  the 
extensor  neurones.  Neurones  so  related  would  be  capable  of  alternating  but  not 
simultaneous  activity.  I  venture  this  suggestion  here  as  possibly  throwing  light 
on  the  mechanism  of  a  very  obscure  process.  From  the  above  observations  Loeb 
concluded  "  that  the  nervous  elements  of  the  flexors  and  extensors  in  the  central 
nervous  system  which  are  affected  by  the  ions  (in  galvanotropism)  possess  an  op- 
posite orientation,"  such  that  an  electrical  current  which  produces  catelectrotonus 
(or  excitation)  in  one  causes  anelectrotonus  (or  inhibition)  in  the  other.  Cf.  his 
Comparative  physiology  of  the  brain,  p.  162,  and  the  discussion  following,  also 
the  above  papers.  He  does  not,  however,  so  far  as  I  am  aware,  consider  the  case 
of  reciprocal  inhibition.  The  structural  conditions  in  the  central  nervous  system 
may  quite  possibly  be  such  that  the  action  current  of  one  neurone  instead  of 
stimulating  inhibils  the  activity  of  the  adjoining  antagonistic  neurone. 

**  Sherrington:  Integrative  action  of  nervous  system,  p.  192. 
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paper.  The  conditions  of  mechanical  inhibition  in  the  ctenophore 
swimming  plate  suggest  that  the  membrane  of  the  inhibited  tissue 
becomes  increasingly  resistant  to  permeability  change  *  and  in  the 
case  of  cells  like  motor  neurones  the  conditions  are  probably  essen- 
tially similar.  It  is  highly  desirable  to  reach,  if  possible,  a  valid  unitary 
point  of  view  from  which  to  consider  these  and  related  phenomena; 
its  attainment  would  greatly  facilitate  eflfective  and  well-directed 
research;  and  the  indications  are  already  strong  that  the  conception 
of  the  plasma  membrane  as  a  structure  whose  condition  exerts  a  con- 
trolling influence  over  cell  processes  —  largely  through  changes  of 
electrical  polarization  conditioned  by  changes  of  permeability  —  will 
furnish  this  point  of  view. 

Summary. 

1.  In  the  action  of  pure  isotonic  NaCl  solutions  on  Arenicola  larvae 
the  most  evident  effects  are:  (i)  strong  stimulation  of  the  muscula- 
ture, causing  intense  and  prolonged  contraction,  (2)  increase  in  the 
permeability  of  the  pigment-cell  membranes  sufficient  to  allow  visible 
exit  of  pigment,  (3)  inunediate  arrest  of  ciliary  movement,  followed 
by  disintegration  of  the  cilia,  and  (4)  a  general  toxic  action. 

2.  In  the  presence  of  a  large  nimiber  of  anaesthetics,  in  concentra- 
tions corresponding  to  those  producing  typical  neuromuscular  anaes- 
thesia in  sea  water,  all  of  these  characteristic  immediate  effects  of  the 
pure  salt  solution  are  diminished  or  prevented. 

3.  In  general,  the  permeability-increasing  action  and  the  stimulat- 
ing action  of  the  salt  solution  undergo  closely  parallel  decrease  or 
prevention  in  the  presence  of  the  anaesthetic.  Prevention  6i  sudden 
permeability  increase  thus  seems  equivalent  to  prevention  of  stimu- 
lation; it  is  also  equivalent  to  prevention  of  the  immediate  toxic 
action  of  the  solution.  The  anti-stimulating  and  the  anti-cytolytic 
effects  of  the  anaesthetic  thus  show  a  definite  parallelism. 

4.  The  conclusion  is  drawn  that  in  anaesthesia  the  essential  effect 
is  a  temporary  alteration  in  the  condition  of  the  surface  films  or 
plasma  membranes  of  the  irritable  elements,  of  such  a  kind  that  these 
membranes  no  longer  undergo,  under  the  usual  conditions  of  stimu- 
lation, the  rapid  increase  of  permeability  essential  to  this  process. 

**  LiLLiE,  R.:  this  Journal,  1908,  xxi,  p.  200;  cf,  p.  215  seq. 
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5.  The  membranes  thus  become  during  anaesthesia  increasingly 
resistant  to  permeability-increasing  agencies:  this  involves  increased 
resistance  to  those  forms  of  toxic  action  which  depend  on  destruction 
of  the  normal  semi-permeability  of  the  membranes.  Hence  the  asso- 
ciation of  an  anti-cytolytic  or  antitoxic  action  with  the  anti-stimulat- 
ing action  of  the  anaesthetic.  These  observations  also  indicate  that 
the  degree  of  resistance  of  the  membranes,  and  of  other,  colloidal 
structures  like  cilia,  is  intimately  dependent  on  the  state  of  their 
component  lipoids. 
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THE  FORBfATION  OF  INDOPHENOL  AT  THE  NUCLEAR 

AND  PLASIIA  MEMBRANES  OF  FROGS'  BLOOD 

CORPUSCLES  AND  ITS  ACCELERATION 

BY  INDUCTION  SHOCKS. 

Plate  I. 

Bt  RALPH  S.  LILLIE. 

(From  the  Physiological  Laboratoryf  Zodlogical  Department,  University  of  ^^^ 

Pennsylvania,) 

ani- 

(Received  for  publication,  June  10,  1913.)  :ing 

its 
In  my  earlier  paper  on  the  localization  of  the  formation  of 

colored  oxidation  products  in  the  cells  and  tissues  of  the  frog,^                    *  ' 
I  described  experiments  in  which  dimethyl-p-diamino-benzene  '  ^ 
CeH4.NHi.N(CH8)i  was  used  (instead  of  the  usual  unsubsti-  ^f^ 
tuted  compound  C«H4(NHi)2)  in  conjunction  with  a-naphthol  for  ^ 
the  intracellular  production  of  indophenol.    A  mixture  of  these  ''^^^ 
two  substances  forms  on  oxidation  dimethyl  indophenol,  a  deep  '^* 
blue,  water-insoluble  compound  which  is  deposited  within  the  ^^ 
cells  in  the  form  of  conspicuous  granules;  these  show  in  many  the 
cases  a  highly  definite  distribution;  thus  in  red  corpuscles  and  tive- 
leucocytes  a  tendency  to  deposition  at  the  siu*face  of  the  nuclear  iscle 
membrane  is  very  constant  and  pronounced.    This  appearance  is  con- 
so  definite  that  it  seemed  at  that  time  to  afford  strong  support  to  con- 
the  view  that  the  cell  nuclei  have  a  special  relation  to  oxidation  Dtile 
processes.    The  photographs  on  plate  I  (figs.  1  and  2)  illustrate  eris- 
this  condition  in  corpuscles  that  have  lain  for  some  minutes  in  act. 
a  solution  of  a-naphthol  and  dimethyl-p-diamino-benzene  in  phys-  qy^. 
iological  salt  solution.    It  will  be  seen  on  referring  to  these  photo-  Jq^. 
graphs  that  the  granules  at  the  boundary  of  nucleus  and  cyto-  ^  ^^ 
plasm  in  the  erjrthrocytes  are  larger  and  more  densely  massed  .j^  a. 
than  elsewhere  in  the  cell. 

There  is  little  doubt  that  the  regions  where  the  indophenol  is 
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1  Amer.  Joum.  of  Physiol.,  vii,  p.  412,  1901.  '  *^® 
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most  densely  deposited  within  these  cells  correspond  to  the 
regions  of  its  most  rapid  formation,  and  hence  to  the  regions  of 
most  active  oxidations.  Indophenol  granules  show  an  active 
Brownian  movement  when  freely  suspended, — as  in  a  solution 
of  a-naphthol  and  p-diamino-benzene  undergoing  spontaneous 
oxidation;  but  when  the  granules  are  deposited  in  the  interior 
of  the  cells  little  or  no  movement  is  perceptible,  and  under  these 
conditions  they  must  tend  to  remain  in  the  place  of  their  forma- 
tion. Direct  observation  shows  that  their  aggregation  at  the 
nuclear  membrane  of  er3rthrocytes  is  not  the  effect  of  a  secondary 
gathering  in  this  situation,  subsequent  to  formation  elsewhere  in 
the  cell;  the  first  granules  that  make  their  appearance  in  erythro- 
cytes after  placing  in  the  indophenol-forming  solution  almost 
always  occupy  this  position,  and  it  is  not  until  later  that  granules 
appear  elsewhere  in  the  cell.  The  region  adjoining  the  nuclear 
surface  in  erythrocytes  appears  thus  to  be  a  region  of  relatively 
rapid  oxidation.  Evidence  that  oxidative  processes  of  this  kind 
may  show  definite  localization  in  cells  acquires  especial  signifi- 
cance in  view  of  Vernon's  recent  observations,  according  to  which 
the  rate  of  formation  of  indophenol  is  a  fair  index  of  the  general 
oxidative  power  of  the  tissue;^  if  this  is  the  case,  the  conditions 
of  formation  of  this  compound  in  cells  probably  correspond  in 
the  main  to  those  of  the  other  and  physiologically  important 
oxidations. 

Further  study  has  however  convinced  me  that  the  nuclear 
surface  is  not,  in  general,  necessarily  the  seat  of  more  active 
oxidations  than  the  other  free  surfaces  or  phase  boundaries  in  cells. 
The  oxidation  process  appears  to  be  strongly  influenced  by  the  con- 
ditions at  surfaces;  adsorption  and  variations  of  phase-boundary 
potentials  are  probably  the  chief  factors  in  this  influence,  as 
apparently  in  other  forms  of  catalysis  due  to  surface  action. 
I  find  that  in  volimtary  muscle  cells  the  indophenol  formation 
shows  no  evident  relation  to  the  scattered  superficial  nuclei,  but 
appears  diffused  throughout  the  C3rtoplasm.  Again,  in  frozen 
sections  of  the  frog's  brain  and  spinal  cord  the  distribution  of 
most  active  indophenol  formation  does  not  correspond  to  the 
distribution  of  nuclei  in  these  tissues;  the  oxidation  is,  in  fact, 
more  active  in  the  white  than  in  the  gray  matter.    These  facts, 

*  Vernon:  Joum.  of  Physiol, ,  xlii,  p.  402, 1911. 
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as  well  as  various  more  general  considerations  partly  discussed 
below,  suggest  that  the  formation  of  indophenol  at  the  nuclear  sur-  ^] 

face  in  blood  corpuscles  is  not  to  be  regarded  as  indicating  a  specific 
relation  of  nuclei  to  oxidations  >  it  seems  more  probable  that  it 
indicates  the  existence  of  a  general  relation  of  the  cell-eurfaces 
or  protoplasmic  phase  boundaries  to  oxidations.  There  are  other 
facts  indicating  this.  Warburg's  observations  on  sea-iu'chin  eggs 
show  that  alkali  may  modify  oxidations  without  penetrating  the 
cell — apparently  by  altering  the  state  of  the  general  cell-surface 
or  plasma  membrane.'  Nemst's  theory  of  electrical  stimulation 
implies  that  the  rate  of  oxidation  in  irritable  tissues  is  increased  ^ 

by  varying  the  state  of  electrical  polarization  of  the  semi-per- 
meable ceU  surfaces;  i.e.,  increase  in  oxidation  is  a  very  general  a^it 
consequence  of  electrical  stimulation,  whose  essential  condition                                  mi- 
is  alteration  of  the  electrical  polarization  at  such  siu*faces.                                            ing 
Re-examination  of  the  conditions  of  indophenol  formation  in  its 
frog's  blood  corpuscles  has  confirmed  my  former  observations                                  sm, 
of  a  relatively  rapid  oxidation  at  the  nuclear  siu-face;  the  appear-                                  ,  as 
ances  indicate  also  that  a  second  region  of  relatively  rapid  oxi-                                  esia 
dation  exists  near  the  general  outer  surface  of  the  cell,  or  just                               .  ^ich 
within  the  plasma  membrane.    It  is  difficult  to  obtain  imequivo-                                  ^her 
cal  proof  of  this  in  the  case  of  erjrthrocytes,  on  account  of  the                                  ^j^. 
flattened  shape  of  these  cells;  but  when  the  cells  are  slightly  ^^^ 
crenated  and  are  viewed  in  face  with  a  high  power,  the  granules                                   f^ 
of  indophenol  often  show  a  network-like  disposition  which  appar-                                  . 
ently  corresponds  to  the  folds  of  the  surface;  examination  with  , 
the  oil-inmiersion  lens — especially  when  the  cells  are  viewed 
edgewise — also  often  shows  a  denser  distribution  of  granules  just 
within  the  cell-surface  than  in  the  region  intermediate  between 
plasma  and  nuclear  membranes.    The  region  of  densest  deposi-                                    . 
tion  of  granules  in  erythrocytes  is,  however,  always  the  nuclear                                 ^^^" 
surface,  and  apparently  this  is  the  region  of  most  active  oxidation                                  *^*' 
in  these  cells.*    In  leucocytes  a  relation  of  oxidation  to  the  general                                 ^^^' 

iow- 

«  Warburg:  Zeitackr.  f.  pkysiol,  Chem.^  Ixvi,  p.  305,  1910.  O  be 

*  Warburg's  observations  on  the  rate  of  oxygen  consumption  by  the  '}itt' 

red  corpuscles  of  birds  show  an  interesting  parallel  with  thos^  just  cited  .|^   . 

(cf.  Warburg:  Zeitschr,  f.  physiol.  Chem.y  Ixx,  p.  413,  1911;  MUnch.  med.  ^  ^^ 

Wochenschr.,  Iviii,  p.  289,  1911).    These  cells  show  a  much  higher  oxygen  ^Teg' 

consumption,  especially  when  newly  formed,  than  the  non-nucleated  ery-  i  the 
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cell-surface  is  more  distinct.  Indophenol  ift  formed  in  these  cells 
much  more  rapidly  than  in  erythrocytes,  and  in  a  mixture  of 
a-naphthol  and  dimethyl-p-diamino-benzene  solutions,  of  the 
composition  given  below  (page  243) ,  the  surface  layer  of  the  cyto- 
plasm of  large  leucoc3rte8,  as  well  as  the  region  adjoining  the 
nucleus,  quickly  becomes  filled  with  large  and  conspicuous  gran- 
ules. The  presence  of  numerous  granules  just  within  the  cell- 
surface  is  highly  characteristic  of  leucocytes  that  have  lain  for 
a  few  minutes  in  the  indophenol-forming  solution.  Later  the 
whole  cytoplasm  becomes  densely  laden  and  the  original  inequal- 
ity of  distribution  is  obscured.  In  some  of  the  photographs  repro- 
duced with  this  article  rows  of  granules  just  within  the  cell-surface 
are  clearly  seen  (see  figs.  4  and  5). 

These  observations  show  that  a  close  relation  exists  between 
oxidations  and  certain  intracellular  surfaces  or  phase  boundaries. 
It  is  theoretically  improbable  that  the  surfaces  of  semi-permeable 
membranes  like  nuclear  or  plasma  membranes  are  alone  conca-ned 
in  these  processes.  The  surfaces  of  other  colloidal  structures 
probably  play  a  similar  part  in  cells;  thus  in  muscle  ceUs  it  is 
possible  that  the  large  surface  of  contact  between  fibrils  and 
sarcoplasm  forms  a  region  active  in  oxidations,  although  there 
is  no  direct  evidence  of  this  as  yet;  if  so,  the  high  oxidative 
activity  of  these  cells  may  in  part  be  accounted  for.  Increased 
reaction  velocity  in  polyphasic  systems  with  large  surface  extent 
is  a  frequently  observed  phenomenon;  the  catalytic  action  of 
colloidal  metals  has  been  explained  by  Bredig  and  others  as  an 

throcytes  of  mammalB.  Alternate  freezing  and  thawing  destroys  the  cyto- 
plasm, but  leaves  the  nuclei  intact;  cells  thus  altered  show  an  unimpaired 
or  even  increased  rate  of  oxidation.  Evidently  the  general  cell-surface  is 
not  essential  to  oxidation  in  these  cells;  if  however  the  nticlear  surface  is 
the  active  region  in  birds'  erythrocytes,  as  in  those  of  frogs,  Warburg's 
results  may  readily  be  accounted  for.  His  further  observation  that  salts 
like  calcium,  magnesium,  and  barium  chloride  influence  oxidations  after, 
but  not  before,  destruction  of  the  plasma  membranes  also  receives  a  con- 
sistent explanation,  since  the  plasma  membranes  are  normally  imperme- 
able to  these  salts,  which  accordingly  have  free  access  to  the  nuclear  mem- 
brane only  after  the  plasma  membranes  are  destroyed.  On  the  other  hand, 
phenyl,  methyl,  and  ethyl  urethanes,  and  hydrocyanic  acid,  which  penetrate 
the  plasma  membranes  with  ease,  influence  oxidations  equally  in  intact 
and  injured  erythrocytes. 
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instance  of  such  surface  action,  and  this  action  is  very  generally 
referred  to  increased  concentration  of  the  interacting  substances 
at  the  phase  boundaries.  It  is  probable  that  the  electrical  condi- 
tion of  these  surfaces  also  constitutes  an  important  factor  in 
the  catalytic  action.* 

The  importance  of  siu*face  processes  in  cell  activities  has  been 
widely  recognized  of  recent  years,  especially  since  the  rise  of 
colloidal  chemistry  and  its  application  to  physiological  problems. 
The  character  of  the  electrical  polarization  at  surfaces  is  known 
to  influence  profoundly  the  adsorptions  at  such  surfaces,*  and 
any  chemical  changes  dependent  on  adsorption  (as  catalyses  of 
the  class  referred  to  above)  must  be  correspondingly  influenced 
by  the  electrical  condition  of  the  siu*faces.  Hence  chemical  proc- 
esses occurring  in  polyphasic  systems  must  in  many  cases  be 
influenced  by  changes  in  the  polarization  of  the  siu*faces,  to  a 
degree  which  under  some  conditions  may  largely  determine  the  .  ^ 

general  course  and  velocity  of  certain  reactions;  and  the  possi-  . 

bility  that  the  chemical  effects  of  stimulation  may  belong  in  this  ^^™» 

category  thus  requires  consideration.    According  to  Nemst's  '  ^ 

theory,  changes  in  the  electrical  polarization  of  the  plasma  mem-  ^f^^ 

branes  form  the  essential   condition  of  electrical  stimulation.  ^^^h 

The  same  is  almost  certainly  true  of  other  forms  of  stimulation,  t^^er 

including  the  normal,  since  all  are  accompanied  by  electrical  tini- 

variations  whose  characteristics  point  unmistakably  to  varia-  in 

tions  of  phase-boundary  potentials  as  their  determining  condi-  the 

tion.^    The  rate  of  oxidation  in  voluntary  muscle  cells  is  increased  dve- 

iscle 
*  See  the  communication  of  S.  W.  Young:  On  the  Influence  of  Light  on  ^q. 

the  Electric  Potential  of  Bacterial  and  Other  Suspensions,  in  the  Proc.  of 

the  80c.  for  Exp.  Biol,  and  Med.,  x,  p.  151,  1913.  ^^^' 

•Cf.  L.  Michaelis  in  Koranyi  and  Richter's  Physikalische  Chemie  und  otile 

Medizin,  ii,  1906,  pp.  347  seq. ;  MichaSlis  and  Ehrenreich;  Biochem.  Zeiischr.,  eris- 

X,  p.  283,  1906;  H6ber:  Physikaliache  Chemie  der  Zelle  und  der  Oewebe,  ^^f 

1911 ,  p.  294 ;  Wolfgang  Ostwald :  Die  neuere  Entwicklung  der  KoUoidchemie 

in  Kolloidchemiache  Beihefte,  1912,  iv,  p.  16.    Ostwald  distinguishes  "elec-  ^^^®" 

trical  adsorption''  from  adsorption  due  to  lowering  of  the  surface  tension  lOW- 

at  the  phase  boundary.    In  general  adsorption  occurs  whenever  the  energy  0  be 

potential  at  the  phase  boundary  is  lowered  by  the  accumulation  of  the  thet- 

dissolved  substance  in  this  region.  ^ 

^  Cf.  my  paper  on  the  relation  of  membrane-changes  to' stimulation  and  *  IhBX 

conduction,  in  Amer.  Joum.  of  Physiol. ,  xxviii,  p.  197,  1911.  ►reg- 
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many  times  by  stimulation;  and  investigation  of  the  action 
current  of  this  tissue  with  the  thread  galvanometer  shows  that 
stimulation  is  normally  associated  with  a  rhythmical  electrical 
variation  of  a  definite  rate;  this  rate  varies  with  temperature 
according  to  the  chemical  temperature  coefficient,*  i.e.,  shows  a 
general  parallelism  with  the  oxidative  and  other  chemical  activity 
of  the  tissue  as  influenced  by  temperature  change.  An  interde- 
pendence of  some  kind  is  thus  indicated,  and  it  seems  likely  that 
this  interdependence  is  direct,  and  that  the  polarization  changes 
form  the  immediate  condition  of  the  oxidations.  The  mechanism 
of  intracellular  oxidations  is  still  largely  obscure,  and  it  is  admitted 
by  most  biological  chemists  that  the  known  properties  of  oxidases 
cannot  account  for  the  character  and  high  velocity  of  the  intra- 
cellular oxidations.  No  enzymes  or  combinations  of  enzymes  and 
co-enzymes  can  accelerate  the  oxidation  of  sugar  or  lactic  acid 
to  anything  like  the  degree  required.  Such  facts  suggest  that  the 
oxidases  are  not  the  main  factors  in  intracellular  oxidations,  but 
play  a  merely  accessory  part;  their  presence  may  be  favorable 
to  rapid  oxidation  (by  diminishing  resistance),  but  the  essential 
determining  conditions  appear  to  be  of  a  quite  different  kind. 
Some  feature  or  featiu'es  of  the  structural  organization  of  the 
cell  must  be  fundamentally  concerned,  since  destroying  cell  struc- 
ture always  greatly  diminishes  the  oxidative  activity  of  the  tissue.* 
Now  the  semi-permeable  membranes  of  irritable  tissues  constitute 
the  structural  elements  which  are  primarily  essential  to  electrical 
stimulation,  and  hence  to  the  increase  of  oxidation  which  is 
associated  with  stimulation.  According  to  Nemst's  theory, 
stimulation  involves  changes  in  the  electrical  polarization  of  these 
membranes.  Such  changes  of  surface  polarization  must  involve 
corresponding  changes  in  the  polarization  of  the  other  polarized 
surfaces  within  the  cell;  i.e.,  the  conditions  of  equilibrium  of  the 
double  layers  at  these  intracellular  surfaces  will  be  altered  by 
altering  the  polarization  of  the  general  cell-surface,  and  their 
state  of  polarization  will  undergo  corresponding  change;  hence 
the  normal  variations  of  polarization  at  the  cell-surface  accom- 
panying stimulation  must  involve  similar  changes  at  the  active 
surfaces  throughout  the  cell,  and  it  is  these  polarization  changes 

•  Cf.  Piper:  Arch,  /.  {AnaL  u.)  Physiol,  1910,  p.  207. 

•  Cf.  Fletcher  and  Hopkins:  Journ,  of  Physiol.,  xxxv,  p.  287,  1907. 
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—according  to  the  hypothesis  which  I  am  presenting — that 
mainly  determine  the  increase  in  the  rate  of  oxidation.  Similar 
or  related  views  have  been  tentatively  put  forward  by  a  number  -* 

of  investigators/*^  but  hitherto  little  or  no  experimental  evidence 
in  their  support  has  been  adduced.  The  experiments  about  to 
be  described  show  that  the  formation  of  indophenol  in  leucocytes 
— ^a  process  largely  dependent  on  surface  action  as  already  de- 
scribed— can  in  fact  be  markedly  accelerated  by  the  passage  of 
induction  shocks  through  a  suspension  of  corpuscles  on  a  slide. 

EXPEBIMENTAL. 

In  the  following  experiments  the  blood  corpuscles  of  the  frog 

have  been  used.    Immediately  after  shedding,  the  blood  is  mixed  lant 

with  a  solution  consisting  of  nine  volumes  |  NaCl  plus  one  volume  ani- 

I  potassium  oxalate;  this  solution  prevents  clotting  and  break-  dng 

down  of  leucocytes.    The  suspension  of  corpuscles  is  then  mixed  i  its 

with  the  solution  of  the  indophenol-forming  reagents  in  slightly  ism^ 
alkaline  physiological  salt  solution.    The  solution  which  I  have 
chiefly  used  is  made  (shortly  before  using)  by  mixing  a  saturated 

solution  of  a-naphthol  in  alkaline  isotonic  NaCl  solution  (|  NaCl  j^j^jj^ 
containing  ttv  Na2C08)  with  a  0.5  per  cent  to  1  per  cent  solution  ^.j^ 
of  Merck's  dimethyl-p-diamino-benzene  in  f  NaCl.  These  con- 
centrations are  favorable  to  the  rapid  formation  of  indophenol 
within  the  cell.  With  more  dilute  solutions  the  formation  of 
indophenol  is  slower  and  its  acceleration  by  induction  shocks  is 
less  evident.  Usually  equal  volumes  of  these  solutions  (1  cc. 
of  each)  are  mixed  in  a  test  tube,  and  the  resulting  solution  is  ^^ 
then  mixed  intimately  with  a  few  drops  of  the  suspension  of  ^^" 
corpuscles  either  in  a  watch  glass  or  on  a  slide.  This  preparation  ^^' 
may  be  mounted  and  examined  at  once  or  after  the  desired  ^^1® 
interval  of  time  has  elapsed.  Leucocytes  left  in  this  solution  6™- 
(with  sufficient  access  of  oxygen)  become  deeply  laden  with  act. 
indophenol  granules  in  a  few  minutes.  In  erjrthrocytes  the  depo-  tove- 
sition  of  granules  is  more  gradual;  in  these  cells  the  first  formed  flow- 
granules  typically  appear  at  the  nuclear  surface,  as  already  de-  0  be 
scribed.  Figures  1  and  2  are  photographs  of  corpuscles  taken  thet- 
after  remaining  for  twenty-five  and  fifty-two  minutes  respectively  that 

»o  Of.  Warburg,  1910,  loc.  cit.  ^^^" 
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in  a  solution  of  the  above  composition.  By  this  time  the  leueo- 
cjrtes  are  so  densely  laden  with  indophenol  as  to  prevent  the 
appearance  of  mere  clumps  of  granules.  The  erjrthrocytes  are 
much  less  deeply  impregnated  and  the  contours  of  the  nuclei  are 
plainly  marked  by  the  deposition  of  granules. 

The  accelerating  influence  of  induction  shocks  on  this  oxida- 
tion may  be  demonstrated  as  follows.  Inunediately  after  mixing 
with  the  reagent,  as  above  described,  a  few  drops  of  the  suspen- 
sion of  blood  corpuscles  are  mounted  on  a  specially  prepared 
slide  crossed  by  two  fine  parallel  platinum  wires  about  2  cm. 
apart.  The  slide  is  already  in  position  on  the  microscope  stage; 
the  wires  are  connected  to  the  secondary  coil  of  an  inducto- 
rium  (Porter's  model)  arranged  for  "tetanizing"  ciurents,  and 
a  succession  of  shocks  is  passed  through  the  preparation.  If  a 
suspension  of  corpuscles  so  treated  is  compared  with  a  control 
consisting  of  a  portion  of  the  same  suspension  similarly  mounted 
on  a  precisely  similar  slide  (so  as  to  have  conditions  of  oxygen 
supply,  etc.,  as  nearly  alike  as  possible),  but  not  subjected  to 
induction  shocks,  a  marked  difference  soon  becomes  evident. 
Within  a  brief  period,  varying  according  to  the  strength  of  the 
shocks  and  concentration  of  the  solution,  the  leucocytes  in  the 
"stimulated"  preparation  are  seen  to  be  plainly  more  deeply 
impregnated  with  indophenol  than  those  of  the  control.  The 
contrast  is  very  striking  if  the  conditions  of  concentration,  number 
of  corpuscles,"  and  strength  of  stimulation  are  favorable  (see 
plate  I,  figs.  3-5).  The  difference  is  not  due  to  the  oxygen 
liberated  at  the  wires  serving  as  electrodes,  for  the  acceleration 
of  indophenol  formation  is  seen  throughout  the  entire  region 
between  the  electrodes. 

The  following  protocols  of  experiments  will  illustrate  the  char- 
acter of  these  observations. 

November  4, 1911,  The  blood  of  a  large  frog  was  mixed  with  an  approxi- 
mately equal  volume  of  oxalate-containing  sodium  chloride  solution.  A 
drop  of  this  suspension  of  corpuscles  was  placed  on  a  slide  provided  with 
platinum  wires;  a  drop  of  the  indophenol-forming  mixture  was  placed  in 


"  Too  dense  a  suspension  of  corpuscles  is  imfavorable  to  this  daoaon- 
stration,  probably  because  the  oxygen  is  too  rapidly  abstracted  by  the 
erythrocytes,  leaving  less  available  for  oxidation  in  the  leucocytes. 
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contact  with  the  drop  of  suspension  and  a  cover  glass  was  put  in  place. 

Induction  shocks  were  then  passed.  *  9] 

In  six  successive  experiments  of  this  kind  the  leucocytes  were  found  to 
form  indophenol  granules  more  rapidly  under  this  treatment  than  in  the 
untreated  control.  In  some  experiments  the  contrast  at  the  end  of  two  or 
three  minutes  was  very  striking;  the  leucocytes  near  the  edge  of  the  cover 
glass,  where  most  oxygen  was  available,  being  then  so  deeply  laden  as  to 
appear  like  masses  of  granules,  while  in  the  control  only  a  moderate  depo- 
sition of  granules  had  taken  place. 

Numerous  other  experiments  showed  similar  results.  Usually 
the  suspension  of  corpuscles  and  the  indophenol-forming  mixture 
were  mixed  before  mounting.    The  following  typical  experiments  ^ 

are  cited  in  further  illustration. 

ant 
November  15 y  1911.    The  suspension  of  corpuscles  was  mixed  with  the 

freshly  prepared  indophenol-forming  solution  in  a  watch-glass  and  then  ^^*" 

mounted  on  the  slides  with  platinum  wires.    Induction  shocks  from  a  ^i^g 

Porter^s  inductorium  with  three  Edison  primary  cells  and  coils  3  cm.  apart  its 

were  passed  through  the  preparation.    Nine  experiments  were  performed 

under  these  conditions.    The  following  results  are  typical. 

Experiment  3.    At  12.11  the  current  is  started  through  the  preparation. 

The  granules  appear  rapidly  in  the  leucocytes;  at  12.16  the  field  of  the  esia 

stimulated  preparation  is  full  of  intensely  colored  leucocytes;  in  the  con-  lich 

trol,  although  many  leucocytes  are  well  laden  with  indophenol,  the  number  li^ 
of  deeply  impregnated  cells  and  the  degree  of  loading  are  much  less.    By 

12.20  the  erythrocytes  of  the  stimulated  preparation  also  show  a  distinctly  "™* 

deeper  tint  than  those  of  the  control.  in 

Experiment  4.    Current  started  at  12.37.    The  result  is  similar  to  the  the 

above;  in  three  minutes  there  is  a  decided  contrast  between  experiment  livp- 
and  control.    At  12.43  the  erythrocytes  also  show  considerable  indophenol; 

the  nuclear  membranes  appear  to  be  impregnated  with  the  dye,  and  stand  ^^^^ 

out  sharply.    Some  leucocytes  show  granules  at  the  nuclear  surface,  and  COn- 

others  show  rows  of  granules  just  within  the  cell-surface.  qqh^ 

Experiment  8.    Conditions  and  results  the  same.    The  contrast  between  ^, 
the  microscopic  fields  of  experiment  and  control  imder  a  low  power  is  strik- 
ing; eight  minutes  after  starting  the  current  the  field  of  the  stimulated  eriS- 
preparation  appears  dotted  at  intervals  with  intensely  blue-black  dots  act. 
corresponding  to  the  leucocytes;  in  the  control  the  leucocytes  stand  out  lOVe- 
much  less  conspicuously.  q 

The  above  records  are  suflScient  to  indicate  the  general  char-  o  be 

acter  of  these  observations.     It  will  be  noted  that  the  induction  thet- 

shocks  used  in  the  above  experiments  are  of  considerable  strength.  that 

Weaker  shocks  also  accelerate  the  rate  of  oxidation  in  leucocytes  )reg- 

but  less  obviously.    It  is  also  noteworthy  that  the  effect  on  the  i  the 
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erythrocytes  is  comparatively  slight;  the  oxidative  activity  of 
these  cells,  besides  being  much  less  energetic  than  that  of  the 
leucocytes,  is  less  easily  influenced  by  electrical  stimulation, 
although  after  passing  strong  shocks  for  some  minutes  there  is 
an  appreciable  increase  in  the  formation  of  indophenol.  The 
much  higher  oxidation  rate  and  greater  responsiveness  of  the 
leucocytes  correspond  to  the  more  active  part  which  these  cells 
play  in  the  organism;  thus  it  is  not  surprising  to  find  that  their 
oxidation  rate — and  hence  their  general  rate  of  metabolism  and 
output  of  energy —  is  more  easily  altered  by  changes  of  condition. 
Leucocytes,  although  relatively  inert  as  compared  with  {e.g.) 
muscle  cells,  have  in  fact  many  of  the  characteristics  of  irritable 
cells.  Hamburger  has  shown  that  their  phagocytic  activity  may 
be  increased  artificially  by  a  variety  of  substances,  including 
calcium  salts  and  lipoid  solvents  in  low  concentration."  The 
conditions  under  which  oxidations  are  accelerated  in  these  cells 
are  thus  probably  of  the  same  essential  kind  as  those  prevailing 
in  irritable  cells  in  general. 

The  possibility  naturally  suggests  itself  that  various  chemical 
processes  other  than  oxidations  may  be  similarly  influenced  by 
changes  of  polarization  at  the  intracellular  surfaces.  The  for- 
mation of  indophenol  is  in  fact -a  synthesis  involving  dehydra- 
tion, as  well  as  an  oxidation,  but  probably  no  especial  significance 
attaches  to  this  fact.  What  seems  to  be  significant  is  that  the 
chemical  process  occurs  in  close  relation  to  the  intracellular  sur- 
faces, and  is  influenced  by  changes  in  the  electrical  polarization 
of  these  surfaces."  It  seems  likely  that  conditions  of  this  kind 
play  an  important  general  r61e  in  cell  metabolism.  The  precise 
conditions  of  the  above  electrochemical  effect  are  largely  obscure 
to  me  at  present.    The  analogy  with  photochemical  action  seems 

"  Hamburger  and  Hekma:  Biochem.  Zeitschr,,  ix,  p.  275, 1908;  Hamburger, 
de  Haan  and  Bubanovic:  Archives  Nierlandaises  des  Sciences  Exactes  et 
NcUurelles,  Ser.  Ill,  B.,  i,  p.  1,  1911.  Hamburger's  recent  book:  Physi- 
kalisch-chemiscke  Untersuchungen  aber  Phagozyterif  Wiesbaden,  J.  F.  Berg- 
mann,  1912,  contains  a  full  account  of  these  and  related  observations. 

"  The  formation  of  peroxides  may  possibly  be  favored  by  this  process, 
just  as  the  formation  of  ozone  and  hydrogei^  peroxide  is  favored  by  the 
passage  of  electric  discharges  through  mojst  air.  There  is  good  evidence 
that  peroxides  play  an  important — though  it  may  be  a  supplementary — 
rdle  in  protoplasmic  oxidations. 
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perhaps  the  most  illuminatmg.  In  both  cases  increased  displace- 
ment, or  increased  range  of  movement,  of  electrons — due  to  the 
electro-magnetic  effect  of  the  ether  waves,  or  of  the  variation 
of  surface  polarization — and  consequent  facilitation  of  the  elec- 
tron transfers  that  condition  the  chemical  change,  are  probably 
the  fundamental  factors  of  the  action;  Further  discussion  of 
this  matter  would,  however,  be  inappropriate  in  this  place. 

SUMMARY. 

1.  In   frogs'   blood   corpuscles  the  formation  of  indophenol  ^ 
by  the  intracellular  oxidation  of  a  mixture  of  a-naphthol  and 
dimethyl-para-diamino-benzene  takes  place  most  rapidly  in  the  ant 
inmiediate  neighborhood  of  the  nuclear  and  plasma  membranes.  ani- 
The  conditions  at  the  surfaces  of  these  structiu-es  are  thus  par-  :ing 
ticularly  favorable  to  rapid  oxidations.  its 

2.  The  passage  of  induction  shocks  through  a  suspension  of  ism, 
corpuscles  in  the  indophenol-forming  solution  accelerates  this  .^  as 
oxidation;  this  effect  is  slight  in  er3rthroc3rtes  and  well  marked  *  esia 
in  leucocytes.  ajch 

3.  These  observations  indicate,  in  general,  (a)  that  the  intra-  ,  ^Yl^v 

cellular  surfaces  or  phase  boundaries  play  an  active  rdle  in  oxi-  ^:^ 

dations  in  living  cells,  and  (6)  that  variations  in  the  electrical  j^^ 

polarization  of  these  surfaces  form  an  important  factor  in  these  ^ 

oxidations,  and  especially  in  the  increase  of  oxidations  following  . 

stimulation.  . 

iscle 

con- 

con- 

otile 

eris- 

act. 

love- 

flow- 

0  be 
thet- 
that 
^reg- 

1  the 
-ceUs 
anes- 
,  al- 
with 
e  an- 


Digitized  by  VjOOQIC 


248  Intracellular  Oxidations 


BXPLANATION  OP  PLATE. 

The  photographs  were  made  by  Dr.  H.  G.  Kribs,  of  the  Zo6logical 
Department,  University  of  Pennsylvania,  to  whom  I  take  pleasure  in  ex- 
pressing my  best  thanks.  The  magnification  is  about  500  diameters.  The 
exposures  were  brief  (5  to  10  seconds)  and  were  made  within  one  to  two 
minutes  after  the  stimulating  current  had  ceased.  The  corpuscles  shown 
in  these  photographs  are  entirely  typical  of  the  conditions  throughout  the 
preparation. 

Fig.  1.  Showing  spontaneous  formation  of  indophenol  in  corpuscles. 
The  cells  were  photographed  after  l3ring  undisturbed  for  twenty-five  min- 
utes in  the  indophenol-forming  solution.  The  densely  laden  central  cor- 
puscle is  a  leucoc3rte.  The  round  dots  scattered  over  the  field  are  indo- 
phenol granules;  the  halo  about  each  is  due  to  Brownian  movement. 

Fig.  2.  Corpuscles  from  a  similar  "unstimulated"  preparation  after 
fifty-two  minutes  in  the  solution.  The  roimd  black  mass  just  above  the 
middle  of  the  figure  is  a  leucoc3rte.  The  rows  of  granules  at  the  nuclear 
surface  in  the  erythrocytes  are  typical. 

Fig.  3.  Stimulated  preparation.  The  corpuscles  were  placed  in  the 
freshly  prepared  indophenol-forming  solution  and  one-half  minute  later 
induction  shocks  were  passed  for  three  minutes  through  the  preparation 
(mounted  on  a  slide  as  described  in  the  text.  Two  Edison  primary  bat- 
teries; Porter's  inductorium  with  coils  2  cm.  apart).  Exposure  was  made 
one  minute  after  current  ceased.  Four  leucocytes  are  shown  in  the  field; 
the  one  at  the  left  is  less  densely  laden  than  the  other  three. 

Fig.  3a.  Control  of  figure  3.  The  corpuscles  were  mounted  as  in  the 
experiment  of  figure  3  but  not  subjected  to  induction  shocks.  Exposure 
was  made  after  remaining  for  the  same  length  of  time  (five  and  one-half 
minutes)  in  the  solution.  Six  leucocytes  in  the  field,  all  showing  consid- 
erable formation  of  indophenol,  but  much  less  than  in  the  stimulated 
corpuscles. 

Fig.  4.  Conditions  the  same  as  in  the  experiment  of  figure  3.  Three 
deeply  laden  leucocytes  in  the  field. 

Fig.  4a.  Control  of  figure  4  (in  the  solution  for  the  same  length  of  time, 
but  unstimulated).  Two  leucocjrtes  seen,  showing  much  less  indophenol 
formation  than  those  of  figure  4. 

Fig.  5.  Conditions  like  those  of  the  preceding  experiments,  but  shocks 
passed  for  only  two  minutes.  Exposure  four  and  one-half  minutes  after 
placing  in  the  indophenol-forming  solution.  Two  leucocytes  are  seen, 
showing  typical  conditions. 

Fig.  6a.  Control  of  figure  5.  In  solution  for  the  same  length  of  time 
before  exposure.    Two  typical  leucocytes  shown. 
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IReprinUd  from  Scibnob,  N.  8.,  Vol.  XXXVIL,  No.  965,  Paget  959-972,  June  27,  191S'] 


THE  PHYSICO-CHEMICAL  CONDITIONS  OF  ANESTHETIC  ACTION^ 


Under  certain  well-defined  artificial  con- 
ditions, as  well  as  under  some  that  are  nor- 
mal, the  living  system — organism,  tissue  or 
cell — ^becomes  temporarily  inactive  and  ir- 
responsive to  stimuli.  When  such  an  arti- 
ficially induced  state  of  inhibition  is  well 
marked  and  lasting  it  is  called  anesthesia, 
or  in  a  somewhat  more  restricted  sense, 
narcosis.  This  condition  may  last  for  hours 
or  even  days,  but  apparently  not  indefi- 
nitely; and  when  it  passes  off  the  normal 
vital  activities  and  properties  return  un- 
impaired. This  apparently  complete  rever- 
sibility is  one  of  the  most  remarkable  fea- 
tures of  anesthesia,  and  distinguishes  it 
from  death — a  perhaps  related  but  char- 
acteristically irreversible  change.  The 
terms  ''anesthesia"  and  ''narcosis"  are 
somewhat  differently  applied,  although 
they  have  the  same  essential  significance; 
the  former  relates  to  any  temporarily  in- 
sensitive condition,  however  produced, 
while  "narcosis"  usually  means  an  an- 
esthesia produced  by  chemical  substances. 
I  shall  use  the  term  anesthesia  through- 
out the  present  address  to  designate  any 
temporary  or  reversible  lowering  or  loss 
of  the  normal  vital  responsiveness,  or  of 
the  normal  automatic  vital  activity,  under 
the  infiuence  of  certain  artificial  sub- 
stances or  conditions.  Anesthesia,  as  thus 
defined,  may  be  exhibited  by  the  most 
various   organisms   and   cells,   if   not   by 

'Lecture  given  before  the  Chemical  Society  of 
Washington,  April  11,  1913. 


all.  It  is  fully  as  characteristic  of  plant 
cells  as  of  animal  cells,  although  its  mani- 
festations may  be  less  obvious  and  striking 
in  the  former  group  of  organisms.  In  its 
most  familiar  aspect  the  complete  organism, 
e,  g,,  a  man,  or  an  isolated  living  tissue,  as 
a  nerve  or  muscle,  fails  during  anesthesia 
to  show  any  response  to  a  stimulus  which 
normally  excites  it  strongly.  In  other 
words,  the  capability  of  responding  to  stim- 
uli— what  we  call  "irritability" — ^is  in 
anesthesia  diminished  or  lost.  When  the 
condition  passes  off  the  normal  responsive- 
ness returns  unimpaired.  Thus  a  muscle 
exposed  to  ether  vapor  soon  ceases  to  con- 
tract on  stimulation;  under  the  same  con- 
ditions a  nerve  ceases  to  conduct;  in  motile 
plants  like  sensitive  plants  the  characteris- 
tic osmotic  motor  mechanisms  cease  to  act. 
Automatic  activities  like  ameboid  move- 
ment, ciliary  movement,  protoplasmic  flow- 
ing, cell  division,  and  growth  may  also  be 
brought  temporarily  to  a  rest  by  anesthet- 
ics. Claude  Bernard  showed  long  ago  that 
seedlings  ceased  growth  in  an  ether-impreg- 
nated atmosphere,  and  resumed  it  when  the 
ether  was  removed.  Fertilized  egg-cells 
cease  to  divide  in  the  presence  of  an  anes- 
thetic in  appropriate  concentration,  al- 
though they  remain  living  and  proceed  with 
cell-division  and  development  when  the  an- 
esthetic is  removed.  Other  less  evident  cell- 
processes,  including  metabolism,  are  simi- 
larly  affected;   the   rate   of  oxidation   is 
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usually  slowed  during  anesthesia,  though 
there  are  exceptions  to  this  rule. 

It  should  be  remembered  that  such  de- 
crease of  the  vital  activity  or  responsiveness 
is  not  a  solely  artificial  phenomenon.  Con- 
ditions physiologically  resembling  anes- 
thesia occur  normally  in  the  life  of  many 
organisms ;  sleep  is  in  fact  a  kind  of  physio- 
logical regularly  recurring  narcosis  due  ap- 
parently to  accumulation  of  certain  meta- 
bolic products  in  the  blood  or  tissues. 
Again,  all  irritable  tissues  lose  their  re- 
sponsiveness for  a  brief  period  following 
excitation;  thiais  the  so-called  ** refractory 
period,"  which  has  been  compared  with 
narcosis  by  some  physiologists.  The  re- 
semblance in  this  case  is  probably  superfi- 
cial; but  I  call  attention  to  this  phenome- 
non in  order  to  show  once  more  that  tempo- 
rary loss  of  irritability  may  occur  under 
normal  or  physiological  conditions  as  well 
as  under  artificial.  There  are  also  note- 
worthy resemblances  between  narcosis  and 
fatigue.  Thus  the  degree  of  irritability  of 
a  tissue  may  vary  within  a  wide  range 
under  normal  as  well  as  artificial  condi- 
tions. 

We  shall  first  inquire  under  what  gen- 
eral conditions  irritable  tissues  undergo  re- 
versible decrease  or  loss  of  irritability. 
These  conditions  are  various.  One  of  them 
is  cold.  The  living  system  operates  within 
a  narrow  range  of  temperature.  Most  irri- 
table tissues  or  cells  become  less  responsive 
or  lose  irritability  as  the  temperature  ap- 
proaches zero.  In  a  muscle  or  nerve  of  a 
cold-blooded  animal  the  ability  to  respond 
to  stimulation  is  not  necessarily  decreased 
by  a  moderate  reduction  of  temperature — 
in  fact,  slight  cooling  may  increase  the  irri- 
tability of  nerve ;  the  tissue  responds  in  the 
typical  manner,  but  the  rate  of  the  response 
— as  indicated  by  the  duration  of  the  single 
contraction  in  muscle  or  of  the  electrical 
variation  in  nerve — is  always  decreased, 
typically  to  a  degree  corresponding  to  the 


usual  temperature-coefficient  of  chemical 
reaction-velocity.  In  the  neighborhood  of 
zero  stronger  stimuli  becomes  necessary  to 
elicit  a  response,  and  eventually  none  may 
appear.  Different  organisms  vary  in  these 
respects.  In  some  animals,  as  tropical 
medusae,  irritability  is  abolished  or  greatly 
lowered  at  a  temperature  considerably 
above  zero.  The  same  is  true  of  warm- 
blooded animals.  On  return  to  normal  tem- 
perature irritability  is  restored. 

Another  condition  producing  effects  re- 
sembling anesthesia  is  lack  of  oxygen.  This 
retards  or  arrests  activity  in  many  cases; 
€.  g,,  the  nerve  cells  of  vertebrates  are  very 
susceptible  to  lack  of  oxygen ;  nerve  trunks, 
on  the  other  hand,  are  relatively  insuscep- 
tible. Cell-division — e.  g.,  in  developing 
egg-cells — ^usually  ceases  if  the  oxygen  sup- 
ply is  insufficient.  Contractile  activities 
are  decreased  or  abolished.  Many  organ- 
isms, however,  show  only  slight  immediate 
effects ;  this  is  true  of  many  Protozoa ;  Vor- 
ticellje,  for  instance,  remain  contractile  for 
some  time  after  simple  removal  of  oxygen 
from  the  medium,  although  they  are  at 
once  paralyzed  by  anesthetics.  Such  facts 
oppose  the  view  held  by  Verworn  and 
others,  that  the  anesthetic  acts  primarily 
on  the  oxidative  mechanism  of  the  celL  It 
is  true  that  the  rate  of  oxidations  in  active 
tissues  is  lowered  during  anesthesia,  but 
this  effect  is  rather  a  consequence  than  a 
cause  of  the  lessened  activity.  Obviously 
wherever  free  oxygen  is  necessary  to  the 
normal  activities  of  a  tissue  its  withdrawal 
will  arrest  those  activities.  But  the  effects 
produced  by  lack  of  oxygen  are  not  to  be 
identified  with  anesthesia  because  of  such 
incidental  resemblances. 

There  are  also  a  number  of  physical  con- 
ditions that  may  deprive  a  cell  temporarily 
of  irritability.  Thus  mechanical  shock  may 
have  this  effect,  which,  however,  is  prob- 
ably to  be  regarded  as  essentially  a  conse- 
quence of  over-stimulation,  causing  abnor- 
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mal  prolongation  of  the  refractory  period.* 
The  same  is  probably  true  of  the  insensi- 
bility produced  by  strong  electrical  cur- 
rents. Under  certain  conditions,  however, 
the  electric  current  may  produce  effects 
closely  resembling  typical  anesthesia. 
This  occurs  when  a  weak  constant  current 
is  passed  through  an  irritable  tissue  like 
muscle  or  nerve;  during  the  flow  of  the 
current  the  irritability  of  the  tissue  is  modi- 
fied in  the  neighborhood  of  the  two  elec- 
trodes, being  heightened  at  the  cathode 
and  lowered  at  the  anode ;  and  in  this  latter 
region  the  nerve  may  become  completely 
insensitive  to  stimuli  that  ordinarily  cause 
strong  excitation.  The  inexcitable  state 
thus  produced  is  called  **anelectrotonus"; 
it  is  in  reality  a  form  of  local  anesthesia, 
and  as  such  has  been  employed  for  the  alle- 
viation of  pain  in  sciatica  and  similar  con- 
ditions. Muscle  is  affected  in  a  similar 
manner;  the  frog's  heart  may  thus  be  rend- 
ered locally  incapable  of  contraction,  as  in 
the  simple  class-experiment  familiar  to  all 
physiologists.  This  action  of  the  current 
probably  depends  on  its  altering  the  elec- 
trical polarization  normal  to  the  membranes 
of  the  irritable  elements — only  in  a  direc- 
tion the  inverse  of  that  causing  stimula- 
tion.* There  is  much  evidence  that  the 
state  of  polarization  of  the  semipermeable 
membranes  bounding  the  irritable  elements 
is  an  important  factor  in  determining  the 
degree  of  responsiveness  to  stimulation; 
the  facts  of  electrotonus  indicate  that  by 
altering  the  polarization  by  an  external 
current  the  irritability  of  the  tissue  may  be 
changed  in  the  direction  either  of  increase 
or  of  decrease. 
Irritability  may,  however,  be  more  read- 

*This  apparently  correeponds  to  the  period  of 
increaaed  permeability  and  depolarization  accom- 
panying stimulation. 

*I.  e.,  reinforcing  instead  of  diminishing  the 
normal  or  physiological  polarization  of  the  mem- 
branes. 


ily  modified  by  the  use  of  chemical  sub- 
stances than  by  any  other  means,  and,  as  is 
well  known,  many  such  substances  are  in 
daily  use  in  medical  and  surgical  practise 
for  procuring  local  or  general  insensibility 
to  pain — Whence  the  application  of  the 
name  ''anesthetic"  to  the  large  class  of 
substances  possessing  this  property.  When 
we  inquire  into  the  chemical  nature  of  such 
substances  we  find  that  anesthetic  property 
is  confined  to  no  special  class,  but  is  ex- 
hibited by  substances  of  the  most  diverse 
chemical  character.  Acids  in  low  concen* 
tration  depress  the  irritability  of  many 
tissues;  in  some  cases  alkali  has  this  effect; 
gases  like  carbon  dioxide  and  nitrous  oxide 
have  marked  anesthetic  action ;  solutions  of 
magnesium,  calcium  and  strontium  salts 
cause  local  anesthesia  in  frog's  muscle  and 
nerve;  pure  solutions  of  sugar  and  other 
indifferent  non-electrolytes  have  similar 
effects ;  in  these  tissues  irritability  depends 
on  the  presence  of  certain  electrolytes,  espe- 
cially sodium  salts,  in  the  media  and  re- 
turns on  replacing  the  tissues  in  solutions 
containing  these  salts.  But  the  most  sig- 
nificant relationships  are  seen  in  the  case 
of  the  large  class  of  substances,  differing 
widely  in  chemical  constitution  and  prop- 
erties, which  possess  in  common  the  phys- 
ical property  of  dissolving  fats  or  of  dis- 
solving in  fate.  These  substances  include 
the  majority  of  the  anesthetics  in  common 
use,  as  ether,  chloroform,  ethyl  chloride, 
urethane,  etc.  The  connection  between  fat- 
dissolving  power  and  anesthetic  property 
was  in  fact  early  recognized — first  by 
Bibra  and  Harless  in  1847;  and  this  rela- 
tionship is  of  great  physiological  signifi- 
cance, since  it  indicates  that  the  anesthetic 
is  selective  in  ite  action  on  the  cell  constitu- 
ente,  and  produces  ite  effecte  by  changing 
the  state  of  fatty  or  fat-like  substances  in 
protoplasm.  It  indicates  further  that  the 
state  of  these  substances  determines  the  de- 
gree of  irritability  of  the  cell.    All  cells,  so 
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far  as  known,  contain  such  substances; 
they  are  the  so-called  "lipoids"  which  in- 
clude lecithin  and  cholesterin,  and  various 
other  ether-soluble  compounds  of  usually 
complex  constitution.  Historically  these 
substances  were  first  grouped  into  a  class 
simply  on  account  of  their  fat-like  solubili- 
ties, so  that  they  form,  chemically  speaking, 
a  somewhat  heterogeneous  group,  some 
members  of  which,  as  cholesterin,  are  not 
fats  in  any  sense.  Others,  as  lecithin,  are 
more  closely  related  to  the  fats  proper. 
They  appear  to  be  invariable  constituents 
of  protoplasm — a  fact  which  in  itself  is  not 
surprising  in  view  of  the  amino-acid  consti- 
tution of  proteins:  since  proteins  are 
largely  derivatives  or  condensation-com- 
plexes of  amino-fatty  acids,  fat^like  sub- 
stances might  be  expected  to  appear  in  cells 
during  metabolism.  It  is  clear,  however, 
that  these  substances  are  not  mere  by-prod- 
ucts of  protein  metabolism,  or  reserve  ma- 
terial like  fats,  but  play  a  fundamental  r61e 
in  cell-processes;  the  profound  physiolog- 
ical effects  produced  by  all  lipoid-solvent 
substances  are  a  sufficient  proof  of  this,  al- 
though regarding  the  precise  nature  of  this 
role  we  know  little  as  yet.  In  some  intimate 
way  the  lipoids  appear  to  be  essential  to 
the  irritability  of  the  cell,  and  altering 
their  state  causes  corresponding  changes  of 
irritability. 

About  fifteen  years  ago  Overton  and 
Hans  Meyer  investigated  the  relation  be- 
tween the  lipoid-solvent  power  of  a  large 
number  of  organic  anesthetics  and  the  in- 
tensity of  their  narcotic  action,  and  reached 
independently  the  conclusion  that  the 
chief  factor  determining  this  action  was 
the  value  of  the  partition-ratio  of  the  an- 
esthetic between  water  and  a  typical  lipoid 
like  lecithin.  That  is,  for  any  series  of 
lipoid-soluble  compounds  the  narcotic  ac- 
tion increases  as  the  lipoid-solubility  in- 
creases and  the  water-solubility  decreases. 
These  two  solubilities  usually  show  an  in- 


verse relation  to  each  other.  Now,  the  view 
that  this  form  of  anesthetic  action  depends 
essentially  upon  a  modification  of  the  cell- 
lipoids — ^which  was  put  forward  simultane- 
ously and  independently  by  Overton  and 
Meyer — is  undoubtedly  well  founded,  and 
is  accepted  by  most  physiologists,  even 
although  in  the  absence  of  any  definite  and 
final  knowledge  of  the  physiological  role 
of  these  cell-constituents  it  is  far  from 
being  a  complete  theory  of  anesthesia. 
Such  a  theory  would  evidently  involve  a 
complete  theory  of  stimulation,  and  this 
can  hardly  be  said  to  exist  as  yet  It  is, 
however,  possible,  I  believe,  to  gain  further 
insight  into  the  nature  of  anesthetic  action 
by  combining  the  results  of  these  and  simi- 
lar experimental  studies  of  anesthesia  with 
the  resiQts  of  certain  more  recent  studies  of 
the  nature  and  conditions  of  the  process  of 
normal  stimulation.  It  is  necessary  to 
form  some  clear  conception  of  the  nature  of 
the  changes  involved  in  stimulation  before 
we  can  profitably  consider  the  question  of 
just  how  the  stimiQation-process  is  modi- 
fied by  the  presence  of  the  anesthetic. 

Before  considering  in  more  detail  the 
mechanism  of  stimulation  and  of  its  modi- 
fication by  anesthetics,  let  us  first  consider 
briefiy  the  nature  of  the  physico-chemical 
constitution  of  the  living  cell,  as  more  re- 
cent research  has  led  us  to  conceive  of  it. 
This  is  a  subject  which  is  not  easy  to  sum- 
marize, and  on  which  much  light  remains 
to  be  thrown.  It  is  clear,  however,  that  the 
living  protoplasm  is  not  a  homogeneous  so- 
lution, but  is  a  *'polyphasic  system";  t.  6., 
a  mixture  consisting  of  various  substances 
and  solutions  which  are  only  partly  mis- 
cible  with  one  another,  and  are  thus  inter- 
related like  the  different  phases  of  an  emul- 
sion or  similar  system.  These  several 
phases,  which  are  partly  solid,  partly 
liquid,  appear  in  each  living  cell  to  have  a 
constant  and  definite  arrangement,  whose 
exact  nature  varies  characteristically  from 
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cell  to  cell.  There  appears  typically  to  be 
a  solid  or  semi-solid  structural  substratum 
consisting  of  colloidal  material,  most  of 
which  is  in  a  water-swollen  or  hydrated 
state ;  in  addition  to  this  more  fixed  and  per- 
manent part  of  the  cell-organization,  numer- 
ous simpler  substances  are  present — sugars, 
salts,  amino-acids  and  others — ^largely  in  a 
state  of  simple  aqueous  solution,  but  prob- 
ably partly  adsorbed  at  the  surfaces  of  the 
colloidal  phases.  There  is  evidence  that  it  is 
by  the  oxidation  of  certain  of  these  sub- 
stances, especially  sugar,  rather  than  of  the 
colloidal  material,  that  most  of  the  energy 
manifested  in  the  cell-processes  is  set  free. 
The  colloidal  substratum  furnishes  the  con- 
ditions under  which  the  energy-yielding 
oxidations  and  other  metabolic  changes 
take  place,  and  apparently  determines 
their  course,  character  and  velocity.  The 
solid  colloidal  material  of  the  cell  may  in 
one  sense  be  considered  as  by-product  of  the 
metabolic  activities  of  the  protoplasm;  it 
appears,  once  formed,  to  undergo  itself 
relatively  slight  change,  but  to  influence 
profoundly,  by  its  presence  and  arrange- 
ment, the  character  of  cell-metabolism.* 
The  colloids  are  of  varied  chemical  nature ; 
they  are  chiefly  proteins  and  lipoids,  and 
it  is  to  be  noted  that  they  are  built  up  by 
various  forms  of  moleciQar  union  and 
polymerization  from  relatively  simple  sub- 
stances furnished  by  the  environment. 
This  is  true  not  only  of  plants,  but  also  of 
the  individual  cells  of  higher  animals, 
where  the  material  which  goes  to  form  pro- 
teins reaches  the  cell  in  the  form  of  amino- 
acids,  or  of  simple  polypeptides."  In  gen- 
eral it  is  from  such  amino-acids  together 
with  salts  and  carbohydrates  that  the  cell 
builds  up  the  colloids  which  form  its  char- 

*Cf,  Child's  interesting  discussion  of  the  rela- 
tion between  metabolism  and  structure  in  the 
Journal  of  Morphology,  VoL  22,  1911,  p.  173. 

*C/.  Folin's  recent  papers  in  the  Journal  of 
Biologioai  Chemigtry, 


acteristic  structural  apparatus.  This  ap- 
pears highly  complex  in  some  forms  of  irri- 
table tissue,  as  in  voluntary  muscle;  in 
others,  as  in  nerve,  the  essential  structure 
appears  relatively  simple.  What  we  call 
the  ** structural  organization"  of  the  cell  is 
merely  another  name  for  the  physical  char- 
acteristics and  arrangement  of  the  solid  col- 
loidal material. 

However  simply  organized  a  cell  may 
seem,  there  are  certain  elements  of  struc- 
ture which  appear  always  to  be  present,  and 
to  play  a  fundamentally  important  role  in 
stimulation  and  in  other  life-processes. 
These  are  the  membranes.  Most,  if  not  all, 
living  cells  are  delimited  from  the  medium 
in  which  they  live  by  thin  semi-permeable 
colloidal  surface-films,  the  so-called  plasma- 
membranes.  Similar  semi-permeable  parti- 
tions are  often  found  in  the  cell-interior, 
e.  g,,  about  nuclei,  vacuoles,  chromato- 
phores,  and  other  structures.  They  appear 
to  be  formed  of  the  same  colloids  as  the 
other  protoplasmic  structures,  namely,  pro- 
teins and  lipoids.  These  colloids,  like  many 
other  organic  substances,  have,  when  dis- 
solved in  water,  a  marked  influence  in  low- 
ering the  surface-tension  of  the  solvent. 
Any  substance  thus  acting  tends,  by  the 
operation  of  Gibbs's  principle,  to  collect  or 
condense  on  the  free  surfaces;  if  the  sub- 
stance is  colloidal  in  nature  it  may  there 
pass  out  of  solution  and  form  a  solid  sur- 
face-film or  membrane;  and  it  is  probably 
under  conditions  essentially  like  these  that 
the  cell-membranes  are  formed.  Artificial 
membranes  similar  in  many  of  their  prop- 
erties to  the  plasma  or  nuclear  membranes 
of  cells  may  be  formed  in  protein  solutions 
about  droplets  of  chloroform,  mercury  or 
other  water-immiscible  substances.  Now 
the  plasma-membranes  of  irritable  cells  un- 
doubtedly play  a  fundamentally  important 
part  in  stimulation,  as  will  be  seen  below, 
so  that  it  will  be  necessary  to  consider  first 
some  of  the  essential  properties  of  these 
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membranes  before  passing  to  the  considera- 
tion of  the  stimulation-process  itself  and  its 
modification  by  anesthetics. 

The  plasma-membranes  are  typically 
semi-permeable  structures — so  much  so  that 
living  cells  form  in  many  cases  the  most 
convenient  and  rapidly  acting  osmometers 
that  we  possess.  If  we  place  living  cells, 
like  plant-cells  or  blood  corpuscles,  in  so- 
lutions of  sugars,  neutral  salts  and  various 
other  substances  not  in  themselves  immedi- 
ately injurious  to  the  cells,  osmotic  effects 
result  from  which  the  osmotic  pressure  of 
the  solution  relatively  to  that  of  the  cell- 
contents  can  be  estimated  with  great  accu- 
racy—as the  researches  of  de  Vries,  Over- 
ton, Hedin  and  many  others  have  shown. 
Two  provisos  are  necessary  in  making  use 
of  living  cells  as  osmometers :  first,  the  dis- 
solved substance  must  not  by  its  own  ac- 
tion impair  the  semi-permeability  of  the 
membrane,  and  second,  it  must  not  appre- 
ciably penetrate  the  membrane  during  the 
time  occupied  by  the  experiment  The 
plasma-membranes  are  in  fact  semi-perme- 
able only  in  relation  to  certain  classes  of 
substances ;  towards  others  they  show  them- 
selves freely  permeable,  and  the  character 
of  these  substances  is  important,  because 
indication  is  thus  afforded  of  the  chemical 
nature  of  the  materials  composing  the  mem- 
branes. This  is  a  matter  of  fundamental 
importance  in  the  theory  of  anesthesia. 
Let  us  take  for  example  a  tissue  composed 
of  typical  irritable  cells,  such  as  a  frog's 
voluntary  muscle.  In  studying  the  osmotic 
properties  of  this  tissue,  Overton  found 
many  years  ago  that  the  cells  behaved  in 
solutions  of  certain  substances  as  if  they 
were  enclosed  by  strictly  semi-permeable 
membranes;  the  chief  of  such  substances 
are  sugars,  neutral  salts,  polyatomic  alco- 
hols like  mannite,  and  amino-acids  like 
glycocoU;  but  toward  a  large  series  of 
mainly  oi^anic  substances,  including  alco- 
hols, esters,  aldehydes,  hydrocarbon-deriva- 


tives and  others,  the  membranes  behaved 
as  if  freely  permeable.  Thus  in  an  m/8 
(0.7  per  cent.)  solution  of  NaCl  the  muscle 
retains  its  weight  unaltered,  neither  absorb- 
ing nor  losing  water ;  similarly  in  solutions 
of  sugar,  mannite  or  glycocoU  of  the  same 
osmotic  pressure  (of  about  6  atmospheres). 
But  if  to  an  m/8  NaCl  solution  we  add 
(e.  g.)  alcohol  in  suflScient  quantity  to 
double  the  total  osmotic  pressure  of  the  so- 
lution, it  is  found  that  there  is  no  percept- 
ible increase  in  its  osmotic  action  on  the 
muscle ;  in  other  words,  the  alcohol  acts  as 
if  it  entered  the  cell  with  the  same  readi- 
ness as  the  water.  Many  other  substances 
show  a  similar  power  of  freely  entering  the 
cell ;  others  like  urea,  glycol  and  glycerine 
also  enter,  but  more  slowly.  Similar  obser- 
vations in  both  animal  and  plant  cells  have 
shown  that  readiness  of  entrance  into  cells 
is  a  property  that  is  closely  correlated  with 
solubility  in  fats  or  fat-like  substances,  in- 
eluding  lipoids  like  lecithin.  Substances 
not  so  soluble  usually  gain  entrance  slowly 
or  imperceptibly.  Overton  drew  from  these 
facts  the  conclusion  that  the  outer  limit-  j 
ing  layer  or  plasma-membrane  of  living 
cells  consists  in  large  part  of  lipoids,  and 
that  the  characteristic  osmotic  properties 
of  the  cell  depend  on  the  presence  of  these 
substances  in  the  membrane.  Since  sub- 
stances that  dissolve  in  lipoids  will  pass 
readily  through  lipoid-impregnated  parti- 
tions, this  view  explains  why  plasma-mem- 
branes are  in  fact  readily  permeable  to  such 
substances  as  a  class.  In  its  detailed  appli- 
cation Overton's  view  has  met  with  consid- 
erable opposition ;  thus,  according  to  Over- 
ton, intra-vitam  dyes  like  neutral  red  and 
methylene  blue  enter  cells  readily  because 
of  their  solubility  in  lipoids ;  a  certain  num- 
ber of  exceptions  to  this  rule  have  been 
pointed  out  by  Buhland  and  others ;  but  in 
spite  of  these  discrepancies  there  seems  no 
doubt — ^when  the  whole  of  the  evidence 
is  considered — of  the  truth^  of  Overton's 
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main  contention  that  lipoid-solubility 
strongly  furthers  the  ready  entrance  of 
substances  into  cells.  Traube  believes  that 
the  degree  of  surface-activity,  rather  than 
of  simple  lipoid-solubility,  is  the  determin- 
ing factor;  this  property  shows  a  general 
parallelism  with  the  lipoid-water  partition- 
coefficient,  and  hence  also  with  the  readi- 
ness of  penetration.  But  there  appear  to 
be  more  exceptions  to  Traube 's  rule  than  to 
Overton's,  while  there  are  other  and  inde- 
pendent indications  that  the  surface-films 
of  cells  are  characteristically  rich  in  lip- 
oids ;  for  instance,  the  fact  that  in  the  eggs 
of  sea-urchins  and  other  animals  lipoid-sol- 
vents  are  especially  effective  in  causing  the 
formation  of  fertilization  membranes  (a 
typical  surface-effect)  and  in  initiating 
cell-division;  also  the  facts  which  I  shall 
cite  presently,  showing  that  lipoid-solvents 
are  characteristically  effective  in  altering 
the  permeability  of  the  plasma-membranes 
and  in  modifying  their  resistance  to  altera- 
tion by  cytolytic  substances. 

I  dwell  upon  these  researches  here  be- 
cause of  the  light  which  they  throw  on  the 
question  o£  the  constitution  of  the  plasma- 
membranes  of  cells,  including  those  of  the 
irritable  tissues.  They  indicate  that  the 
membranes — and  perhaps  surface-struc- 
tures in  general — are  especially  rich  in 
lipoids.  Now  lipoid-soluble  substances  will 
tend,  by  the  operation  of  the  partition- 
law,  to  concentrate  in  the  lipoids  of  the 
tissue ;  they  will  thus  tend  to  gather  in  the 
membranes,  and  in  so  doing  they  will  neces- 
sarily modify  the  physical  state  of  these 
structures  and  so  influence  their  physiolog- 
ical properties.  We  have  already  seen  that 
the  most  striking  effect  which  lipoid-sol- 
vents produce  on  irritable  tissues  is  to 
modify  their  irritability,  and  under  certain 
conditions  to  suppress  it  altogether.  This 
suggests  that  the  membranes  have  a  special 
relation  to  stimulation.  We  shoiQd  expect 
on  a  priori  grounds  that  the  excitatory 


apparatus  of  the  cell  should  be  externally 
situated ;  and  we  are  thus  led  to  inquire  if 
there  is  other  and  independent  evidence 
that  the  surface-films  or  plasma-membranes 
of  the  irritable  elements  play  any  such  spe- 
cial part  in  stimulation. 

There  are  in  fact  many  indications  that 
this  is  the  case.  Investigation  of  the  condi- 
tions of  electrical  excitation — ^imdertaken 
quite  without  reference  to  the  problem  we 
are  considering — ^has  shown  that  the  semi- 
permeable membranes  of  irritable  tissues 
are  intimately  concerned  in  stimulation. 
The  first  definite  proof  of  this  was  brought 
forward  in  1899  by  Nernst.  He  was 
struck  with  the  fact  that  Tesla  currents 
(or  alternating  currents  of  high  frequency) 
may  be  passed  through  irritable  tissues  (or 
through  the  human  body)  without  causing 
stimulation;  while  if  the  frequency  of  the 
current  is  sufficiently  lowered,  but  without 
altering  its  intensity,  strong  stimulation  re- 
sults. Now  what  does  this  meant  Evi- 
dently that  the  current  must  flow  for  a  cer- 
tain minimal  time  in  a  constant  direction 
in  order  to  stimulate.  Mere  conduction  of 
a  given  quantity  of  electricity  through  an 
irritable  tissue  is  not  in  itself  sufficient  to 
cause  stimiQation.  There  is  some  kind  of 
cumulative  effect  depending  on  a  steady 
flow  in  one  direction.  What  physical  pecu- 
liarities of  the  living  tissue  condition  this 
remarkable  peculiarity?  Nernst  pointed 
out  that  a  living  tissue  in  its  relation  to  the 
electric  current  is  an  electrolytic  conductor, 
which,  however,  is  not  homogeneous  like  an 
ordinary  salt-solution,  but  peculiar  in  being 
sub-divided  at  intervals  by  semi-permeable 
partitions,  the  cell-membranes.  When 
therefore  the  current  starts  to  flow  it  car- 
ries as  usual  anions  toward  the  anode  and 
cations  toward  the  cathode,  but  at  the  semi- 
permeable membranes  this  movement  is 
blocked;  the  concentration  of  anions  thus 
tends  to  rise  above  that  of  cations  on  the 
side  of  the  membrane  facing  the  cathode 
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and  vice  versa,  and  the  above  behavior  of 
the  tissue  may  be  partly  explained  if  we 
assume  that  these  changes  of  concentration 
must  reach  a  certain  degree  if  stimulation 
is  to  result.  For  this  effect  time  is  re- 
quired. Hence,  if  the  current  is  reversed 
too  soon,  the  stimulating  effect  is  annulled, 
and  the  tissue  remains  unaffected.  Now,  if 
the  assumption  is  true  that  stimulation  is 
the  expression  of  a  change  of  electrical 
polarization,  due  to  a  change  in  the  con- 
centration of  ions  at  the  membranes,  the 
time  during  which  the  current  must  flow  in 
order  to  produce  a  given  polarization-effect 
ought  to  correspond  with  that  needed  for  a 
given  stimulation-effect.  Nemst's  analy- 
sis shows  that  the  polarizing  action  varies 
directly  with  the  intensity  of  the  current 
(i.  e.,  the  quantity  of  electricity — i.  e,  ions 
— transported  in  unit  time)  and  with  the 
square  root  of  its  duration  {8=Eiy/t), 
and  observations  on  a  variety  of  irritable 
tissues  have  shown  that  the  stimulating  ac- 
tion of  a  given  current  does  vary  in  essen- 
tially this  manner  with  the  duration  of  its 
flow  in  one  direction  (i.  e.,  inversely  with 
the  square  root  of  the  number  of  alterna- 
tions in  the  case  of  an  alternating  current). 
It  seems  clear  then  that  electrical  stimula- 
tion is  dependent  on  the  polarization- 
changes  produced  by  the  current  at  the 
semi-permeable  membranes  of  the  irritable 
elements. 

One  main  result  of  these  investigations  is 
thus  to  localize  the  stimulating  action  of 
the  current  at  the  semi-permeable  mem- 
branes, and  to  indicate  that  a  change  in  the 
electrical  polarization  of  these  membranes 
is  an  essential  feature  of  stimulation.  It  is 
evident  that  this  result  does  not  constitute 
a  complete  analysis  of  the  nature  of  stimu- 
lation. But  it  indicates  that  some  change 
in  the  membrane  is  essential  to  this  process. 
An  electrical  variation  accompanies  every 
normal  stimulation  and  undoubtedly  forms 
an  inseparable  feature  of  the  process,  but 


its  conditions  are  still  imperfectly  under- 
stood. There  is  evidence,  however,  that  it 
is  associated  with  a  definite  alteration  in 
the  osmotic  properties  of  the  membrane. 
The  electrical  properties  of  irritable  tissues 
like  muscle  indicate  that  during  life  there 
exists  permanently  in  the  resting  cell  a  dif- 
ference of  potential,  equal  roughly  to  1/10 
volt,  between  the  outer  and  inner  surfaces 
of  the  plasma-membrane.  When  the  un- 
injured outer  surface  of  a  muscle  or  nerve 
is  connected  through  a  galvanometer  with 
the  exposed  interior  of  the  elements  (cut 
surface)  a  current,  the  so-called  ** demarca- 
tion-current," flows  from  exterior  to  in- 
terior, indicating  that  the  outer  surface  of 
the  cells  or  nerve  fibers  has  a  higher  poten- 
tial than  the  interior.  This  potential-dif- 
ference appears  dependent  on  the  semi- 
permeability  of  the  plasma-membrane ;  it  is 
absent  in  dead  cells  whose  plasma-mem- 
branes have  lost  their  semi-permeability, 
and  it  is  diminished  by  the  application  of 
poisons  which  impair  the  normal  semi-per- 
meability. Briefly,  the  demarcation-cur- 
rent potential  appears  in  some  way  to  be 
inseparably  connected  with  this  semi-per- 
meability of  the  membrane.  Ostwald  in 
1890  suggested  a  possible  explanation  of 
this  condition  when  he  pointed  out  that  a 
membrane  might  become  the  seat  of  a  po- 
tential difference  by  interfering  unequally 
with  the  diffusion  of  the  anions  and  cations 
of  an  electrolyte  contained  within  the  celL 
If  the  plasma-membrane  allowed  cations  to 
pass  outward  freely,  but  prevented  the  pas- 
sage of  anions,  a  state  of  things  would  be 
produced  comparable  to  what  we  observe 
in  living  cells.  But  the  actual  conditions 
are  probably  more  complex  than  this,  and 
experimental  substantiation  of  Ostwald 's 
suggestion  has  not  been  satisfactory.  The 
subject  is  evidently  one  requiring  further 
investigation.  In  any  case,  however,  the 
existence  of  the  demarcation-current  poten- 
tial appears  dependent  on  the  semi-perme- 
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ability  of  the  membrane,  and  whenever  the 
latter  undergoes  marked  increase  of  perme- 
ability, this  potential  is  invariably  de- 
creased. The  electrical  variation  or  action- 
current  which  normally  accompanies 
stimiQation  may  be  theoretically  accounted 
for  by  assuming  that  at  this  time  the  mem- 
brane undergoes  a  decided  but  temporary 
increase  in  permeability,  %.  e.,  loses  the 
semi-permeable  properties  which  it  pos- 
sesses during  rest,  and  there  is  independent 
evidence  that  this  change  actually  occurs 
during  stimulation.  If  this  is  the  case  the 
plasma  membrane  is  the  seat  of  the  most 
constant  and  characteristic  manifestation 
of  stimulation — the  electrical  variation  or 
action-current.  The  membrane  responds 
to  the  stimulating  condition  by  suddenly 
changing  its  permeability  and  hence  its 
electrical  polarization. 

We  are  thus  brought  to  the  conclusion  that 
the  plasma-membrane  is  characteristically 
and  intimately  concerned  in  the  stimulation 
process.  During  stimulation  it  appears  to 
undergo  a  sudden  and  quickly  reversible 
increase  of  permeability.  The  electrical 
variation  is  one  expression  of  this  change, 
but  there  are  others  as  well.  Thus  tke 
movements  of  sensitive  plants,  which  occur 
under  the  same  conditions  of  stimulation 
as  those  of  irritable  animal  tissues,  are  due 
to  a  collapse  of  turgid  cells,  consequent 
upon  a  sudden  loss  of  the  semi-permeable 
properties  of  the  plasma-membranes  en- 
closing the  osmotically  active  solution  or 
cell-sap.  Here  at  least  is  one  irritable  tissue 
where  the  connection  between  permeability- 
increase  and  stimulation  seems  unmistak- 
able. It  might  be  held  that  the  existence 
of  special  osmotic  motor  mechanisms  in  cer- 
tain plants  affords  no  indication  of  the  na- 
ture of  the  conditions  in  irritable  animal 
cells ;  but  even  in  animals  there  are  in  some 
cases  very  clear  indications  that  stimiQation 
is  constantly  associated  with  an  increase 
of  permeability,  as  I  shall  shortly  point  out. 


Evidence  from  various  sides  thus  proves 
the  participation  of  the  plasma-membranes 
in  the  stimulation-process.  Just  why  a 
change  in  the  permeability  and  electrical 
polarization  of  the  plasma-membrane 
should  injQiuence  so  profoundly  the  meta- 
bolic and  other  activities  of  the  cell  is  nat- 
urally a  far-reaching  question  requiring 
further  investigation,  but  there  are  many 

,  reasons  for  believing  that  the  primary  or 
initiatory  phase  of  the  stimulation-process 
is  a  change  of  this  nature. 

Let  us  return  now  to  the  question  of  why 
anesthetics  interfere  with  the  stimulation- 
process.  In  the  first  place  they  can  be 
shown  experimentally  to  interfere  with 
both  of  the  above  characteristic  mani- 
festations of  stimulation,  (1)  the  action- 
current  and  (2)  the  change  of  perme- 
ability. If  these  are  the  critical  or  primary 
events,  on  which  the  other  effects  following 
stimulation  depend,  it  is  evident  that  sup- 
pression of  these  must  involve  a  suppres- 
sion of  the  entire  series  of  processes  result- 
ing from  stimulation,  including  the  oxida- 
tions, the  contraction-changes  and  the  other 
special  features  of  the  response. 

That  the  action-current  as  well  as  the 

.  mechanical  response  of  a  muscle  is  sup- 
pressed by  anesthetization  has  long  been 
known.  In  nerve  also  anesthesia  abolishes 
the  action-current.  Now,  on  the  forgoing 
hypothesis,  the  electrical  variation  is  the 
expression  of  some  alteration  in  the 
plasma-membrane,  involving  a  temporary 
increase  of  permeability.  Hober  has  found 
that  potassium  salts,  which  deprive  nerves 
of  irritability  and  render  them  locally  neg- 
ative, cause  at  the  same  time  a  visible  alter- 
ation in  the  axis-cylinders;  these  structures 
swell  and  stain  more  diffusely;  he  found 
further  that  these  effects  are  checked  or 
prevented  if  the  nerves  are  first  anesthet- 
ized with  ethyl  urethane.  Experiments  on 
voluntary  muscle  gave  analogous  results. 
If  a  frog's  muscle  is  partly  dipped  into  an 
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isotonic  solution  of  a  potassium  or  rubi- 
dium salt  the  tissue  contracts  somewhat 
and  becomes  locally  negative ;  this  effect  is 
also  inhibited  or  retarded  in  the  presence 
of  an  anesthetic.'  If  the  local  negativity  is 
the  expression  of  a  change  produced  by  the 
salt  in  the  colloids  of  the  plasma-membrane, 
rendering  the  latter  more  permeable  than 
before,  Hober's  results  indicate  that  the  an- 
esthetic decreases  the  susceptibility  to  such 
changes  of  permeability.  If  this  is  the  case 
we  can  partly  understand  why  the  anes- 
thetized tissue  becomes  less  susceptible  to 
stimulation,  since  stimulation  involves  an 
increase  of  permeability. 

Quite  recently  at  Woods  Hole  I  have  in- 
vestigated the  question  of  the  nature  of  an- 
esthetic action  in  a  somewhat  different  man- 
ner, using  an  organism  which  seems  un- 
usually well  adapted  to  throw  clear  light 
on  this  subject.  If  an  anesthetic  acts  by  so 
modifying  the  plasma-membrane  of  the  ir- 
ritable cell  as  to  render  difficult  or  impos- 
sible the  rapid  variations  of  permeability 
which  are  essential  to  stimulation,  it  ought 
to  act  similarly  on  other  cells,  t.  e,,  it  should 
protect  these  ceUs  also  against  the  action 
of  permeability-increasing  substances  or 
agencies.  If  an  organism  can  be  found, 
whose  cells  undergo  immediate  and  obvious 
increase  of  permeability  under  conditions 
which  at  the  same  time  cause  stimulation, 
it  should  become  possible  to  determine 
whether  suppressing  the  stimulating  action 
of  a  given  agency  is  equivalent  to  a  suppres- 
sion of  its  permeability-increasing  action. 
The  two  effects  ought  to  show  a  definite 
parallelism  if  the  above  hypothesis  is 
well-based.  The  organism  which  I  have 
used  is  the  larva  of  the  marine  annelid 
Arenicola  cristata.  This  organism  shows 
anatomical  features  of  the  required  kind. 
It  is  a  small,  worm-like  trochophore 
about   0.3   mm.   long,   swinuning  by  two 

•Cf,  H5ber,  Pfluger's  Archiv,   1907,  Vol.   120, 
p.  492. 


ciliated  rings  and  possessing  a  well- 
developed  musculature  of  longitudinal 
fibers.  The  body  cells  are  permeated  with 
a  yellow  or  brownish  pigment,  so  that 
when  the  larvae  are  collected  in  a  dense 
mass  (which  can  readily  be  done  by  taking 
advantage  of  their  strong  heliotropism) 
they  appear  dark  brown  in  color.  Now  if 
such  a  mass  of  larvae  is  brought  suddenly 
into  a  pure  isotonic  NaCl  solution,  they  in- 
stantly contract  strongly  and  remain  thus 
contracted  for  twenty  or  thirty  seconds, 
after  which  they  slowly  relax.  During  the 
period  of  contraction  the  yellow  pigment 
diffuses  rapidly  into  the  solution  and  colors 
the  latter  bright  yellow;  t.  e.,  strong  stimu- 
lation of  the  muscle  cells  is  associated  with 
marked  increase  in  the  permeability  of  fhe 
pigment-containing  cells.  The  cilia  cease 
and  undergo  rapid  disintegration  at  tiie 
same  time.  If  now  instead  of  using  pure 
NaCl  solution,  we  bring  a  similar  mass  of 
larvae  into  NaCl  solution  to  which  a  little 
calcium  or  magnesium  chloride  has  been 
added,  a  strikingly  different  effect  is  seen. 
Stimulation  is  slight  and  transitory,  there 
is  no  immediate  loss  of  pigment,  and  ciliary 
action  continues  uninterrupted.  The  gen- 
eral toxic  action  of  the  NaCl  is  also  greatly 
lessened.  It  can  thus  be  shown  that  pure 
solutions  of  sodium  salts  cause  strong  stim- 
ulating and  permeability-increasing  effects, 
both  of  which  are  simiQtaneously  prevented 
by  the  addition  of  a  little  calcium  or  other 
antitoxic  salt.  Prevention  of  permeability- 
increase  runs  parallel  with  prevention  of 
stimulation.  Magnesium  salts  in  pure  iso- 
tonic solution  exhibit  an  action  which  is 
apparently  the  reverse  of  that  shown  by 
sodium  salts.  Larvae  brought  into  m/3 
MgCl,  show  no  stimulation,  no  loss  of  pig- 
ment or  destruction  of  cilia,  and  little  or  no 
immediate  injury.  On  the  contrary  all 
muscular  movements  cease  in  a  few  seconds 
and  the  larvae  remain  permanently  motion- 
less during  their  stay  in  the  solution  (er- 
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cept  for  the  cilia  which  remain  active). 
The  effect  of  the  solution  is  reversible;  on 
return  after  a  few  minutes  to  sea-water,  the 
normal  activities  at  once  return.  The  mag- 
nesium salt  shows  typical  anesthetic  action, 
t.  e.,  it  renders  stimulation  difficult  or  im- 
possible. It  also  hinders  increase  of  per- 
meability. If  larvae  that  have  lain  in  m/3 
MgCls  for  a  few  minutes  are  suddenly 
brought  into  m/2  NaCl,  no  immediate  eflPect 
is  seen — ^neither  stimulation  nor  loss  of  pig- 
ment. The  toxic  action  of  the  pure  NaCl  is 
also  much  less  than  when  the  transfer  to 
this  solution  is  made  directly  from  sea- 
water.  In  other  words,  the  MgCl,  renders 
the  plasma-membranes  resistant  to  the  per- 
meability-increasing or  cytolytic  action  of 
the  NaCl  solution ;  and  at  the  same  time  it 
renders  the  irritable  elements  resistant  to 
stimulation.  The  action  of  the  MgClj  must 
depend  on  an  alteration  of  the  cell-surfaces, 
since  this  salt  enters  living  cells  with  ex- 
treme slowness,  if  at  all.  We  must  con- 
clude that  in  this  instance  at  least  the  an- 
esthetic action  depends  on  a  modification 
of  the  surface-layers  or  plasma-membranes 
of  the  irritable  cells  or  elements. 

I  have  found  that  lipoid-solvent  anesthet- 
ics produce  effects  which  are  essentially 
identical  with  those  of  MgCla-  The  case  of 
ethyl  ether,  the  most  widely  used  of  all  an- 
esthetics, may  serve  as  an  illustration.  In  a 
.7  per  cent,  solution  of  ether  in  sea-water 
Arenicola  larvae  immediately  cease  all  mus- 
cxdar  movements;  the  cilia  show  more  re- 
sistance to  anesthesia  and  remain  active. 
If  now  the  larvae  are  transferred  to  m/2 
NaCl  solution  containing  the  same  propor- 
tion of  ether — so  as  to  preserve  the  state  of 
anesthesia — ^no  contraction  or  loss  of  pig- 
ment follows,  the  cilia  continue  their  activ- 
ity, and  the  injurious  action  of  the  pure 
NaCl  is  relatively  slight.  Bringing  larvae 
from  normal  sea  water  directly  into  ether- 
containing  NaCl  solution  also  causes  little 
or  no  stimiilation  or  loss  of  pigment,  and 


the  cilia  and  body  cells  are  protected 
against  the  injurious  action  of  the  solution. 
Thus  in  the  presence  of  the  anesthetic  the 
salt  solution  fails  to  show  its  normal  stimu- 
lating and  permeability-increasing  action, 
and  its  toxic  or  cytolytic  action  is  greatly 
diminished.  Anti-stimulating  and  anti- 
cytolytic  actions  run  parallel  with  each 
other. 

I  have  studied  the  action  of  a  large  num- 
ber of  anesthetics  in  this  manner.  Those 
which  promptly  and  completely  anesthetize 
Arenicola  larvae  in  sea-water  show,  when 
dissolved  in  NaCl  solution  in  the  proper 
proportions,  effects  which  are  essentially 
identical  with  those  just  described,  though 
varying  in  degree  with  the  different  anes- 
thetics. Alcohols  (methyl,  ethyl,  propyl, 
butyl,  amyl,  capryl),theurethanes  (methyl, 
ethyl,  phenyl),  other  esters  like  ethyl  ni- 
trate, acetate,  propionate,  and  compounds 
like  chloretone,  acetanilide,  paraldehyde, 
nitromethane,  chloroform,  acetonitrile,  aU 
decrease  or  prevent  the  stimulating  and 
permeability-increasing  action  of  pure 
NaCl  solutions  when  present  in  the  con- 
centrations which  cause  typical  anesthesia 
in  sea-water.  They  also  show  well-marked 
protective  or  anti-cytoljrtic  action.  Other 
anesthetics,  among  which  are  chloral  hy- 
drate, benzol,  phenyl  urea,  and  cUoralose, 
act  more  slowly  than  those  just  mentioned, 
and  if  larvae  are  brought  suddenly  into 
their  solutions  in  m/2  NaCl,  stimulation 
and  loss  of  pigment  occur  very  much  as  in 
the  pure  salt  solution.  A  parallelism  be- 
tween permeability-increasing  action  and 
stimulating  action  is  thus  seen  throughout. 
If  the  one  effect  is  decreased  or  prevented 
so  also  is  the  other. 

The  exact  concentrations  most  favorable 
for  anesthesia  and  prevention  of  permeabil- 
ity-increase are  characteristic  for  each  sub- 
stance and  have  to  be  determined  empiric- 
ally. In  a  series  of  homologous  compounds, 
like  the  alcohols  or  the  fatty  acid  esters,  the 
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molecular  anesthetic  action  increases  rap- 
idly with  increase  in  molecular  weight  and 
in  lipoid-water  partition-coeflScient.  The 
same  is  true  for  the  vertebrate  central  ner- 
vous system,  as  Overton  and  Meyer  have 
shown.  Overton's  observations  on  tadpoles 
show  a  close  parallelism  with  my  own  in 
these  respects.  The  concentrations  re- 
quired to  anesthetize  Arenicola  larvse  are, 
however,  higher  in  every  case— usually 
three  to  five  times  higher — than  for  tad- 
poles. Possibly  the  higher  salt  content  of 
the  tissue-media  in  marine  animals  is  re- 
sponsible for  these  differences ;  the  order  of 
relative  action  is  the  same  in  both  organ- 
isms. 

To  sum  up — it  would  thus  seem  that  an- 
esthetics produce  their  essential  effects  by 
modifying  the  properties  of  the  semi-per- 
meable plasma-membranes  of  the  irritable 
tissues,  making  these  structures  more  resist- 
ant to  changes  of  permeability  than  nor- 
mally. Since  variations  of  permeability 
are  essential  to  stimulation,  the  irritable 
tissue  is  thus  rendered  temporarily  insensi- 
tive or  irresponsive. 

How  does  the  anesthetic  produce  these 
effects  T  Osterhout  has  recently  shown  that 
anesthetics  decrease  the  electrical  conduc- 
tivity of  plant  tissues,  apparently  by  de- 
creasing the  permeability  of  the  plasma- 
membranes  to  ions  ;^  and  it  may  be  that  in 
irritable  animal  tissues  also  the  permeabil- 
ity normal  to  the  membranes  is  similarly 
decreased  during  anesthesia.  If  the  dis- 
tinctive action  of  the  anesthetics  is  to  (26- 
crease  permeability,  its  presence  in  the 
tissue  will  naturally  oppose  increase  of  per- 
meability and  hence  interfere  with  stimula- 
tion. The  osmotic  motor  mechanisms  of 
plants,  whose  action  depends  on  sudden  in- 
crease of  permeability,  may  in  fact  readily 
be  rendered  irresponsive  by  anesthetics,  as 
Claude  Bernard  pointed  out  long  ago  in  his 
classical   lectures   on    the   life-phenom.ena 

'  Science,  Vol.  37,  1913,  p.  111. 


common  to  animals  and  plants.  Or  the  ex- 
planation may  be  somewhat  different.  The 
anesthetic  may  leave  the  resting  permeabil- 
ity of  the  membrane  the  same  as  before — 
or  perhaps  may  change  it  in  either  direc- 
tion— but  alter  its  properties  so  as  to  de- 
crease the  readiness  with  which  the  perme- 
ability is  changed  by  other  agencies  acting 
on  the  membrane.  Changes  of  condition, 
electrical  or  otherwise,  that  normally  act 
as  stimuli  would  then  no  longer  affect  the 
membrane,  and  would  hence  cease  to  stim- 
ulate. But  whatever  general  interpretation 
we  adopt,  it  is  demonstrable  that  the  prop- 
erties of  the  membranes  are  altered  during 
anesthesia  in  such  a  way  as  to  make  in- 
crease of  permeability  more  difficult  than 
in  the  normal  sensitive  state  of  the  irritable 
tissue. 

Is  this  the  whole  explanation  of  the  anti- 
stimulating  action  of  anesthetics  t  Noth- 
ing but  further  experimentation  can  answer 
such  a  question.  Suppression  of  stimula- 
tion is  however  the  essential  effect  to  be  ex- 
plained. It  must  be  remembered  that  any 
specific  response  to  stimulation  comprises  a 
series  of  mutually  interdependent  proc- 
esses, beginning  with  the  one  caused  di- 
rectly by  the  external  agent,  and  ending 
with  the  special  physiological  activity,  or 
response,  characteristic  of  the  tissue.  It 
seems  more  likely  that  the  anesthetic  inter- 
feres with  the  initial  process  of  such  a 
series  than  with  one  occurring  later— such 
as  the  increase  in  oxidation  or  other  special 
effect.  The  evidence  which  I  have  cited 
indicates  in  fact  that  the  primary  process 
in  stimulation  is  a  memhrane-procesSy  and 
that  it  is  this  process  which  is  modified  by 
the  anesthetic.  This  is  why  the  succeeding 
and  outwardly  more  evident  effects  of  stim- 
ulation are  also  modified  in  the  way  that  we 
observe. 

It  is  well  known  that  an  influential  group 
of  physiologists,  headed  by  Verwom,  main- 
tain that  a  suppression  or  ^prevention  of 
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oxidation-processes  is  the  essential  basis  of 
anesthesia.  Various  facts  are  adduced  in 
support  of  this  theory.  During  anesthesia 
the  oxidative  metabolism  of  the  tissue  is  di- 
minished. This  fact  in  itself  is  equivocal; 
stimulation  causes  increased  oxidations  in 
many  tissues,  and  suppression  of  stimula- 
tion prevents  this  effect  along  with  the 
others.  Lack  of  oxygen  arrests  many 
physiological  activities  that  are  dependent 
on  its  presence,  but  this  fact  again  does  not 
justify  Verwom's  identification  of  narcosis 
and  asphyxia.  Other  facts  seem  more  con- 
sistent with  this  view.  Frohlich  and 
Heaton  find  that  the  recovery  of  nerves 
from  anesthesia  is  imperfect  or  delayed  in 
absence  of  oxygen ;  Ishikawa,  another  pupil 
of  Verwom's,  finds  the  same  for  Amoebae; 
from  which  they  conclude  that  suppression 
of  oxidations  is  the  essential  feature  of  the 
condition.  These  observations  merely  show 
once  more  that  the  cell  or  tissue  requires 
oxygen  in  order  to  exhibit  its  normal  prop- 
erties. Mansfeld  finds  that  the  concentra- 
tion of  anesthetic  required  to  anesthetize 
tadpoles  is  less  when  oxygen  is  deficient 
than  when  it  is  abundant;  i.  e.,  anesthesia 
and  asphyxia  show  additive  relations  to 
each  other.  This  again  is  equivocal.  The 
action  of  nerve-cells  is  intimately  depend- 
ent on  a  good  supply  of  oxygen ;  when  oxy- 
gen is  deficient  their  excitability  is  lowered, 
and  along  with  this  the  degree  of  anesthesia 
required  to  abolish  excitability.  Other 
parallels  of  similar  nature  seem  open  to  ob- 
jections of  the  same  kind.  On  the  other 
hand,  nerve  trunks  resist  the  lack  of  oxy- 
gen or  the  presence  of  cyanide  (which  ren- 
ders unavailable  the  oxygen  present)  re- 
markably well.  Warburg  finds  that  fertil- 
ized sea-urchin  eggs  anesthetized  by  phenyl 
nrethane,  so  as  to  be  incapable  of  cell-di- 
vision, show  nevertheless  the  same  oxygen- 
consumption  as  the  normal  unanesthetized 
eggs.   Again,  lack  of  oxygen  interferes  only 


gradually  with  the  ciliary  action  in  many 
organisms,  while  anesthetics  in  sufficient 
concentration  arrest  the  movement  in- 
stantly. It  seems  necessary  to  conclude 
from  these  facts  that  the  essential  action  of 
the  anesthetic  is  of  a  more  general  kind, 
and  consists  in  incapacitating  some  me- 
chanism which  is  essential  to  the  normal  ac- 
tivities of  the  cell,  whether  these  immedi- 
ately require  oxygen  or  not. 

The  evidence  which  I  have  reviewed  indi- 
cates either  that  this  mechanism  is  the 
plasma-membrane  itself,  or  that  it  is  closely 
dependent  on  the  condition  of  the  plasma- 
membrane.  Any  condition  that  renders 
the  membrane  incapable  of  responding  to 
changes  of  condition  by  rapid  changes  of 
permeability  and  of  electrical  polarization 
has  an  anesthetic  influence.  This  modifica- 
tion in  the  properties  of  the  membrane  may 
be  produced  either  by  changing  the  general 
condition  of  the  colloids  forming  it — as  in 
the  case  of  magnesium  salts  or  electrolytes 
in  general— or  by  specifically  altering  the 
state  of  the  lipoid-components,  as  by  or- 
ganic anesthetics.  It  is  impossible  to  say 
at  present  precisely  why  the  solution 
of  an  anesthetic  in  the  lipoids  of  the 
membrane  should  thus  alter  the  proper- 
ties of  this  structure.  The  nearest  phys- 
ico-chemical analogy  seems  to  be  the  so- 
called  ** protective  action"  of  colloids,  as 
exemplified  in  those  cases  in  which  the 
presence  of  one  colloid  interferes  with  or 
prevents  changes  of  aggregation-state  in 
another,  e,  g.,  when  gelatine  prevents  the 
precipitation  of  colloidal  gold  or  platinum 
by  a  neutral  salt  like  sodium  chloride.  Ap- 
parently the  lipoids  are  related  to  the  other 
colloids  of  the  membrane  in  such  a  manner 
that  the  condition  of  the  lipoids  affects  the 
entire  properties  of  the  colloidal  structure, 
and  so  determines  the  effect  which  an  elec- 
trolyte Uke  NaCl,  or  a  stimulating  condi- 
tion like  an  electric  shock  or  mechanical  im- 
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paet,  may  have  upon  it.     Hence  when  a  ulation.    On  this  view  the  membrane  is  a 

lipoid-solvent  acts  upon  the  membrane,  and  main  controlling  factor  in  ceU-processes, 

dissolves  in  the  lipoids  of  the  latter,  it  may  and  by  changing  its  state  we  may  alter  the 

profoundly  change  the  physical  properties  entire  physiological  activity  of  the  celL 
of  the  membrane  and  hence  the  responsive-  BiiiPH  S.  Tiirj^ra 

ness  of  the  whole  tissue  or  organism  to  stim-        Ukiyebsity  or  Pxnnstlvania 
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THE  PHYSIOLOGY  OF  CELI^DIVISION 

V.    SUBSTITUTION   OP  ANESTHETICS   FOR  HYPERTONIC    SEA- WATER 

AND  CYANIDE  IN  ARTIFICIAL  PARTHENOGENESIS 

IN  STARFISH  EGGS 

RALPH  S.  LILLIE 

From  the  Marine  Biological  Laboratory,  Woods  Hole,  and  the  Physiological  Labora- 
tory,  Zodlogical  Department,  University  of  Pennsylvania 

I.  INTRODUCTION 

The  problem  of  fertilization  presents  various  analogies  with 
the  problem  of  stimulation — some  superficial,  others  indicating 
that  the  two  processes  possess  certain  fundamental  physiolog- 
ical features  in  common.  In  both  cases  the  cell  gives  a  qualita- 
tively constant  or  specific  response  to  a  change  of  condition 
which  itself  need  not  be  specific.  Thus,  a  muscle  contracts  when 
artificially  excited  by  chemical,  electrical,  or  mechanical  stimuli 
which  never  act  upon  it  in  the  intact  organism,  in  the  same  man- 
ner as  in  response  to  the  normal  physiological  stimulus  or  nerve- 
impulse.  Similarly,  the  egg-cell  begins  its  characteristic  cycle 
of  cell  divisions  after  subjection  to  various  artificial  forms  of 
treatment,  as  well  as  after  the  normal  contact  and  entrance  of 
the  spermatozoon.  It  is  a  special  peculiarity  of  the  egg-cell 
that  these  cell-divisions,  once  started,  continue  automatically  in 
a  regular  and  predetermined  rhythm  and  are  associated  with 
the  definitely  directed  and  progressive  processes  of  growth  and 
differentiation  which  constitute  development.  But  this  process, 
however  complex,  is  none  the  less  the  constant  and  distinctive 
mode  of  response  of  the  egg-cell,  just  as  contraction  is  of  the 
muscle-cell.  A  relatively  slight  and  non-specific  disturbance 
initiates  in  either  type  of  cell  its  own  characteristic  and  complex 
type  of  physiological  activity. 

23 
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There  are  indications  that  something  more  is  involved  here 
than  a  mere  formal  resemblance  or  analogy.  In  stimulation  a 
temporary  change  in  the  electrical  polarization  of  the  limiting 
membrane  of  the  irritable  element  is  the  essential  or  critical 
event.*  This  change — so  far  as  the  present  evidence  extends — 
appears  to  be  conditioned  by  a  temporary  variation  in  the  prop- 
erties of  the  limiting  membrane.  Apparently  the  latter  under- 
goes a  rapid  and  automatically  reversible  increase  of  permeabil- 
ity; hence  the  electrical  polarization  of  the  membrane,  which  in 
the  resting  cell  is  a  fxmction  of  the  normal  semi-permeabiUty,* 
is  temporarily  diminished;  the  characteristic  electrical  variation 
of  stimulation  is  an  expression  of  this  change.  In  other  words, 
the  membrane  temporarily  loses  its  semi-permeabiUty  during 
stimulation.  The  evidence  of  this  is  largely  indirect,  in  the 
natiu-e  of  the  case,  but  fortunately  oAe  irritable  tissue  is  known 
in  which  there  is  clear  and  unequivocal  indication  that  the  mem- 
branes lose  their  semi-permeability  during  excitation;  this  is  the 
osmotic  motor  mechanism  of  sensitive  plants,  where  movement 
results  from  a  sudden  loss  of  tiu-gor.  Since  tiu-gor  is  dependent 
on  semi-permeability,  its  sudden  loss  can  only  mean  loss  of  semi- 
permeability.  Evidence  that  similar  conditions  exist  in  irrit- 
able animal  tissues  is  seen  in  the  increase  of  electrical  conductiv- 
ity of  muscle  during  excitation,'  and  in  the  temporary  loss  of 
irritability  (the  so-called  refractory  period)  which  accompanies 
the  rising  phase  of  the  electrical  variation:  it  is  clear  that  if  the 
membranes  of  the  irritable  tissue  lose  their  semi-permeability 
during  stimulation,  any  repetition  of  stimulation  will  be  impos- 
sible until  the  semi-permeability  necessary  to  this  process  is 
regained,  since  relative  impermeability  to  ions  is  a  necessary 
condition  of  the  polarizing  action  of  the  electrical  current,  and 
it  is  this  action — as  Nemst  has  shown — which  is  the  essential 
in  electrical  stimulation.     I  have  also  adduced  evidence  in  favor 

^  This  is  the  necessary  inference  from  the  studies  of  Nemst  and  his  successors 
on  electrical  stimulation. 

*  Increase  of  permeability,  however  induced,  decreases  or  abolishes  the  de- 
marcation-current potential. 

» Cf.  McClendon,  American  Journal  of  Physiology,  1912,  vol.  29,  p.  302;  Gale- 
otti,  Zentralblatt  fiir  Physiologic,  1912,  vol.  26,  p.  536. 
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of  this  general  theory  from  observations  on  the  pigmented  larvae 
of  Arenicola,  where  stimulating  solutions,  for  example,  0.55m 
NaCl,  cause  visible  increase  of  permeability;  stimulation  and 
permeability-increase  show  an  unmistakable  parallelism  in  this 
organism,  and  both  processes  are  simultaneously  decreased  or 
prevented  by  the  same  agencies,  such  as  calcium  or  magnesium 
salts  and  anesthetics.* 

In  fertilization  also  the  primary  change  is  a  surface-change, 
which  almost  certainly  involves  an  increase  in  the  permeability 
of  the  plasma  membrane.  Loeb's  researches  have  demonstrated 
the  general  effectiveness  of  cytolytic  substance  in  initiating  cleav- 
age in  sea-urchin  eggs.*  Pure  solutions  of  neutral  sodium  and 
potassium  salts  have  the  same  effect,  which  is  the  more  marked 
the  more  energetic  the  permeability-increasing  action,  and  is 
inhibited  by  salts  like  calcium  or  magnesium  chloride  which 
check  or  prevent  this  action.*  The  egg-cell  immediately  after 
normal  fertilization  shows  increased  electrical  conductivity^  and 
increased  permeabiUty  to  substances  like  sugar  and  alkali,®  as 
well  as  to  its  own  pigment.  •  All  of  these  facts  indicate  that  the 
fertilization-process  involves  an  initial  increase  in  permeability; 
such  a  change  ought  theoretically  to  be  accompanied  by  a  change 
in  the  electrical  polarization  of  the  membrane,  similar  to  that 
which,  on  the  membrane  theory,  conditions  the  action-current 
in  irritable  tissues;  and  Miss  Hyde's  observations  on  Pundulus 
eggs*^  indicate  that  this  is  in  fact  the  case.  A  depolarization- 
process  thus  probably  accompanies  the  initial  stage  of  fertiUza- 
tion,  as  well  as  of  stimulation,  and  it  is  highly  probably  that 
it  forms  the  critical  or  initiatory  event  in  this  process  also. 

•  I  have  discussed  this  subject  in  fuller  detail  in  a  recent  paper  in  the  American 
Journal  of  Physiology,  1911,  vol.  28,  p.  197. 

•  J.  Loeb,  Chemische  Entwicklungserregung  des  tierischen  Eies,  and  his  num- 
erous earlier  papers  there  cited. 

•  R.  S.  Lillie,  American  Journal  of  Physiology,  1911,  vol.  27,  p.  289.  Journal 
of  Morphology,  1911,  vol.  22,  p.  695. 

^  McClendon,  American  Journal  of  Physiology,  1910,  vol.  27,  p.  240 

•  E.  N.  Harvey,  Science,  N.  S.  1910,  vol.  32,  p.  565.  Journal  of  Experimental 
Zoology,  1911,  vol.  10,  p.  547.    ' 

•  Lyon  and  Shackell,  Science,  N.  S.,  1910,  vol.  32,  p.  249. 

»» I.  H.  Hyde  American  Journal  of  Physiology,  1904,  vol.  12,  p.  241. 
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If  this  is  true,  an  externally  induced  depolarization  ought  to 
initiate  cell-division  in  unfertilized  eggs;  the  facts  of  electrical 
parthenogenesis  thus  favor  this  view.  It  is  well  known  that 
cytolytic  substances  cause  in  muscle  an  electrical  variation  or 
'injury-current/  similar  in  direction  to  the  action-current,  and  in- 
dicating— according  to  the  membrane  theory — ^increased  permea- 
bility of  the  membranes;  the  same  change  presumably  occurs  in 
egg-cells  treated  with  cytolytic  substances.  There  seems  thus  to 
be  good  reason  for  assuming  that  the  initial  event  in  fertilization, 
as  in  stimulation,  is  a  depolarization-process,  which  is  conditioned 
by  a  temporary  increase  in  the  permeability  of  the  plasma  mem- 
brane. Since  this  initial  depolarization  is  in  both  cases  rever- 
sible, we  may  conclude  that  the  primary  phases  of  both  processes 
— those  in  which  the  membranes  are  concerned — ^are  essentially 
similar  and  differ  chiefly  in  their  time-relations,  the  latent  period 
being  relatively  long  and  the  rate  of  the  electrical  variation  rela- 
tively slow  in  egg-cells.  ^^  There  is  also  reason  to  believe  not 
only  that  a  depolarization-change  is  associated  with  the  fertiliza- 
tion-process, but  that  a  rhythm  of  alternating  polarization  and 
depolarization  is  similarly  aissociated  with  the  rhythm  of  cleav- 
age. ^^  The  appearance  and  reappearance  of  the  characteristic 
system  of  cytoplasmic  relations,  coincidently  with  the  rhythm 
of  cleavage,  seems  satisfactorily  accounted  for  on  the  assumption 
of  an  alternating  polarization  and  depolarization  of  the  plasma 
membrane;  and  the  existence  in  sea-urchin  eggs  of  a  parallel 
rhythm  of  carbon  dioxide  production  and  of  susceptibility  to 
poisons^*  constitutes  a  further  and  independent  indication  of  a 
rhythmical  variation  of  permeability. 

In  stimulation  the  initial  depolarization,  corresponding  to  the 
rising  phase  of  the  action-ciurent  curve,  is  promptly  and  com- 
pletely reversible,  and  the  same — ^with  characteristic  differences 
in  time-relations — ^is   probably  true   of   the  fertilized  egg-cell. 

"  The  rate  of  electrical  variation  varies  widely  in  different  tissues,  being  most 
rapid  for  nerve  and  least  rapid  for  slowly  responding  tissues  like  smooth  muscle 
and  heart  muscle. 

"  R.  S.  Lillie,  Biological  Bulletin,  1909,  vol.  17,  p.  207.  American  Journal  ol 
Physiology,  1910,  vol.  26,  p.  126. 

"  Lyon,  American  Journal  of  Physiology,  1902,  vol.  7,  p.  56  and  1904,  vol.  11, 
p.  62. 
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A  corresponding  reversibility  in  the  associated  permeability- 
change  is  thus  implied.  Now,  the  initial  cytolytic  process 
caused  in  sea-urchin  eggs  by  fatty  acids  or  other  cytolytic  sub- 
stances appears  to  be  imperfectly  reversible  unless  the  egg  is 
afterwards  subjected  to  a  second  treatment,  which  consists  in 
exposure  for  a  certain  time  to  oxygen-containing  hypertonic 
sea-water  (for  twenty  to  thirty  minutes  at  20*^),  or  to  cold  (for  sev- 
eral hours)  or  to  cyanide-containing  sea-water  (for  several  hours) 
Sea-urchin  eggs  subjected  to  a  simple  membrane-forming  treat- 
ment and  then  returned  to  sea-water  typically  imdergo  cytoly- 
sis,  usually  after  some  irregular  form-change  with  perhaps  an 
occasional  cleavage.  But  after  approjMiate  treatment  with  hy- 
pertonic sea-water,  cold,  or  cyanide,  many  of  these  eggs  are  re- 
stored to  an  essentially  normal  state  and  proceed  normally  with 
their  development."  The  necessity  of  such  after-treatment,  fol- 
lowing the  initial  membranolytic  or  permeabiUty-increasing  pro- 
cess appears,  however,  to  vary  widely  in  different  eggs.  Sea- 
urchin  eggs  are  characterized  by  a  certain  inertia  or  inabiUty  to 
recover  a  normal  condition  without  such  supplementary  treat- 
ment. Starfish  eggs,  on  the  contrary,  may  develop  normally  in  a 
large  proportion  of  cases  after  simple  membrane-formation  by 
heat  or  fatty  acid.*^  In  other  eggs  a  local  mechanical  irritation 
may  also  be  followed  by  normal  development,  as  in  Bataillon's 
experiments  with  amphibian  eggs.^*  In  some  of  the  experiments 
described  in  the  present  paper  the  starfish  eggs  were  found  to 
develop  more  favorably  mthout  the  after-treatment  with  hyper- 
tonic sea-water,  cyanide,  or  anesthetics,  than  with  it.  In  these 
cases  it  is  to  be  assumed  that  the  egg  spontaneously  reverts  to 
the  normal  condition  of  semi-permeability,  and  hence  is  enabled 
to  proceed  normally  with  its  development.  Such  spontaneous 
recovery  of  the  normal  properties  after  artificial  membrane-forma- 
tion rarely  occurs  with  sea-urchin  eggs,  where  the  after-treatment 

"  Cf.  J.  Loeb,  loc.  cit. 

"  See  below.  Cf .  also  my  earlier  paper  on  parthenogenesis  by  temporary 
warming,  Journal  of  Experimental  Zoology,  1908,  vol.  5,  p.  375. 

"  Bataillon,  Archives  de  Zoologie  experimental  et  g^n^rale,  1910,  Ser.  5,  vol. 
6,  p.  101. 
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is  indispensable  to  the  production  of  a  large  proportion  of  larvae; 
if  this  treatment  is  omitted  the  vast  majority  of  eggs  invariably 
midergo  cytolysis. 

These  conditions  suggest  that  in  the  sea-urchin  egg  the  cytoly- 
sis following  simple  membrane-formation  is  an  expression  of  the 
undue  persistence  of  a  condition  of  increased  permeability;  and 
that  the  after-treatment  serves  essentially  to  bring  the  permea- 
bility again  to  the  norm.^^  In  the  normal  egg  a  curve  of  polar- 
ization-change (dependent  on  permeability-change)  of  the 
following  general  form  probably  follows  the  entrance  of  the  sper- 
matozoon; there  is  an  initial  depolarization  resulting  from  the 
increase  of  permeability,  and  lasting  for  perhaps  fifteen  minutes; 
following  this  the  permeability  and  the  correlative  polarization 
return  to  or  toward  the  original  condition,  where  they  remain 
unchanged  until  the  period  of  the  first  cleavage,  when  a  second 
temporary  depolarization  takes  place;  a  similar  change  recurs 
with  each  succeeding  cleavage.  In  parthenogenetic  fertiliza- 
tion with  a  cytolytic  agent  it  is  to  be  assumed  that  the  initial 
treatment  also  causes  an  increase  of  permeability  with  accom- 
panying depolarization,  from  which  however  the  egg  recovers 
only  imperfectly  imless  subjected  to  a  second  treatment  whose 
general  effect  on  permeability  is  of  the  reverse  kind,  that  is,  of  a 
kind  tending  to  restore  the  original  semi-permeability  of  the 
membrane.  On  this  hypothesis  the  beneficial  effect  of  the  after- 
treatment  depends  on  what  may  be  broadly  characterized  as  an 
anti-cytolytic  action.  The  total  process  thus  consists  in  a  pre- 
liminary permeability-increasing  treatment — equivalent  to  cy- 
tolytic if  the  condition  is  not  soon  reversed — ^followed  after  the 
proper  interval  by  one  whose  general  effect  is  permeability-de- 
creasing or  anti-cytolytic.  If  this  is  true  it  ought  to  be  pos- 
sible to  substitute  for  the  after  exposure  to  hypertonic  sea  water 
or  other  favorable  condition  a  treatment  with  other  substances 
or  agencies  whose  general  effect  is  to  decrease  the  permeability 
of  the  plasma  membrane  or  to  oppose  any  further  increase 
of  permeability.  Such  treatment  ought  to  check  or  prevent 
the  progressive  breakdown  or  cytolysis  otherwise  following  the 

1^  Cf.  R.  S.  Lillie,  American  Journal  of  Physiology,  1911,  vol.  28,  p.  285;  Godlew- 
ski,  Archiv  fUr  Entwicklungsmechanik,  1911,  vol.  33,  p.  225. 
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simple  membrane-formation,  and  thus  enable  a  larger  propor- 
tion of  eggs  to  recover  the  nonnal  state  and  proceed  with  their 
development. 

During  the  siunmer  of  1912  at  Woods  Hole  I  have  experimented 
from  this  point  of  view  with  solutions  of  various  anesthetics. 
Substances  of  this  class  have  been  foxmd  to  check  the  permea- 
biUty-increasing  action  of  pure  isotonic  solutions  of  sodium  and 
potassimn  salts  on  sea-urchin  and  starfish  eggs.  These  anti- 
cytolytic  effects  are  seen  in  certain  definite  concentrations,  which 
correspond  closely  with  those  which  anesthetize  the  neuromus- 
cular system  of  marine  organisms  like  Arenicola  larvae;  in  these 
concentrations  anesthetics  have  the  general  effect  of  rendering 
the  plasma  membranes  of  cells — egg-cells,  muscle  cells,  pigment 
cells,  as  well  as  structures  like  cilia — more  resistant  than  normally 
to  agencies  which  tend  to  increase  permeability  (or  cause  break- 
down in  the  case  of  cilia).**  Anesthetics  thus  counteract  the 
action  of  permeabiUty-increasing  agencies,  and  it  is  probably  for 
this  reason  that  they  prevent  stimulation  (which  involves  tem- 
porary increase  of  permeability)  as  well  as  retard  cytolysis.  In 
some  cases  they  have  been  definitely  shown  to  decrease  the  nor- 
mal permeabiUty  of  the  plasma-membranes.*®  The  alterations 
which  they  induce  in  the  properties  of  the  membranes  are  thus, 
generally  speaking,  opposite  in  kind  to  those  caused  by  permea- 
biUty-increasing or  cytolytic  agencies.  We  should  thus  expect 
that  if,  as  above  assiuned,  the  plasma  membrane  of  the  egg  is 
deprived  of  its  normal  semi-permeability  by  the  membrane- 
forming  process — and  is  thus  brought  into  a  state  which  event- 
ually leads  to  cytolysis — ^an  after-treatment  with  anesthetics  will 
tend  to  restore  the  original  semi-permeability  and  will  thus  ren- 
der the  condition  of  the  egg  more  favorable  to  the  continuance  of 
development.  Solutions  of  anesthetics,  in  other  words,  ought  to 
produce  effects  similar  to  those  of  hypertonic  sea-water  or  cyanide. 

1*  Cf.  my  recent  papers  in  the  American  Journal  of  Physiology  on  antagonisms 
between  salts  and  anesthetics:  1912,  vol.  29,  p.  372;  vol.  30,  p.  1;  1913,  vol.  31,  p. 
255. 

>•  Cf.  the  recent  experiments  of  Osterhout,  Science,  1913,  N.  S.,  vol.  37,  p.  Ill; 
also  my  observations  on  Arenicola  larvae;  American  Journal  of  Physiology,  1909, 
vol.  24,  pp.  25  seq. 
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In  the  experiments  about  to  be  described  I  have  found  that 
anesthetics  produce  very  definite  effects  of  this  kind  with  star- 
fish eggs.  Unfertilized  mature  eggs  of  Asterias  forbesii  treated 
briefly  with  isotonic  NaCl  solution,  dilute  fatty  acid  solution, 
or  warm  sea-water  (35*^),  returned  to  sea-water  for  ten  minutes, 
and  then  exposed  for  half  an  hour  to  sea-water  containing  a 
favorable  anesthetic  in  appropriate  concentration,  yield  a  laxge 
proportion — in  some  cases  80  to  90  per  cent — of  active  larvae. 
Such  after-treatment  is  often  more  favorable  than  that  with 
hypertonic  sea-water.  With  Arbacia  eggs,  on  the  other  hand, 
the  results  of  similar  experiments  have  been  essentially  nega- 
tive. So  far  I  have  been  unable  to  produce  in  these  eggs  any 
marked  increase  in  the  proportion  developing  to  a  larval  stage 
by  any  method  other  than  the  use  of  hypertonic  sea-water.  Cya- 
nide, in  niy  experience,  has  proved  only  slightly  effective.  After- 
treatment  with  sea-water  containing  an  increased  proportion  of 
magnesium  and  calciiun  salts  (without  altering  the  osmotic 
pressure),  or  with  sea-water  containing  anesthetics  (as  in  the 
solutions  used  below),  is  ineffective  with  Arbacia  eggs.  Just 
why  the  two  species  should  thus  differ  cannot  definitely  be  said 
at  present;  in  general  the  starfish  egg  is  the  more  responsive  of 
the  two,  and  may  be  made  to  form  membranes  and  develop  by 
various  methods  which  have  no  effect  on  the  Arbacia  egg;^^  it 
is  also  more  variable  in  its  behavior  and  less  resistant  to  inju- 
rious influences.  It  is  significant  that  the  plasma  membranes  of 
starfish  eggs  are  much  less  resistant  to  the  permeability-increasing 
action  of  salt-solutions  than  are  those  of  Arbacia  eggs,*^  and  the 
greater  effectiveness  of  after-treatment  with  anesthetics  may  pos- 
sibly indicate  that  the  membranes  imdergo  the  reverse  kmd  of 
modification  (permeability-decrease)  also  with  greater  readiness. 
The  difference  in  the  degree  of  responsiveness  would  on  this 
view  be  an  expression  of  differences  in  the  properties  of  the  plasma 
membranes;  these  differences  indicate  differences  of  protoplasmic 
composition,  since  the  membrane  is  presumably  a  haptogen  film 

*^  Brief  warming,  shaking,  isotonic  NaCl  solutions,  weak  solutions  of  mineral 
acids,  exposure  to  cold. 

2^  Cf.  my  papers  in  the  American  Journal  of  Physiology,  1910,  vol.  26,  p.  125; 
1911,  vol.  27,  p.  289. 
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formed  by  a  surface-condensation  of  certain  protoplasmic  con- 
stituents, particularly  those  which  lower  surface  tension.  .  The 
starfish  egg  is  deficient  in  cholesterin  according  to  Mathews," 
and  this  circumstance  may  be  important,  since  the  presence  of 
cholesterin  seems  in  general  to  render  plasma  membranes  rela- 
tively resistant  to  chemical  alteration."  The  plasma  membrane 
of  the  mature  starfish  egg  seems  xmusually  sensitive  to  changes  in 
the  surroimding  medium,  and  the  responsiveness  of  these  eggs 
to  the  above  form  of  after-treatment  is  probably  an  expression 
of  this  peculiarity.  The  experiments  now  about  to  be  described 
relate  entirely  to  starfish  eggs. 

II.  EXPERIMENTAL 

In  all  the  experiments  described  below  the  unfertilized  eggs  of 
starfish  (Asterias  forbesii  and  vulgaris)  were  used."  The  eggs 
were  first  subjected  to  a  membrane-forming  treatment;  then, 
after  an  interval  of  ten  minutes  in  normal  sea-water,  they  were 
exposed  for  thirty  minutes  to  sea-water  containing  anesthetics  in 
the  concentrations  given  below.  For  comparison,  part  of  the 
eggs  remained  in  sea-water  without  after-treatment,  and  part 
were  exposed  for  thirty  minutes  to  hypertonic  sea-water  and  to 
sea-water  containing  potassium  cyanide  in  m/1000  concentration. 
The  eggs  were  then  returned  to  normal  sea-water  and  on  the  fol- 
lowing day  the  proportion  developing  to  a  free-swimming  larval 
stage  was  approximately  determined.   , 

^  A.  P.  Mathews,  unpublished  observations  made  at  Woods  Hole. 

*•  Cf.  Hober,  Physikalische  Chemie  der  Zelle  und  der  Gewebe.  3rd  Ed.,  1911, 
p.  232. 

**  In  1912  good  starfish  eggs  were  abundant  at  Woods  Hole  throughout  the 
summer.  A  difiference  was  observable  between  the  eggs  obtained  toward  the  mid- 
dle and  end  of  Jime,  and  those  obtained  later  (from  July  on).  The  latter  showed 
the  more  regular  behavior  and  were  in  general  more  responsive,  while  eggs  ob- 
tained towards  the  end  of  June  were  frequently  resistant  to  fertilization  and 
showed  irregularities  of  behavior  similar  to  those  described  in  my  recent  paper 
in  the  Biological  Bulletin  (1912,  vol.  22,  p.  328).  Two  maxima  of  egg-production 
are  thus  indicated,  which  probably  correspond  to  the  two  specific  types,  A.  for- 
besii and  A.  vulgaris,  recognized  as  occurring  in  this  region.  In  the  expriments 
described  below  the  majority  of  the  eggs  showed  normal  behavior  in  regard  to 
post-maturational  cytolysis  and  response  to  fertilization. 
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Three  types  of  artificial  membrane-forming  treatment  were 
employed:  (1)  exposm^  for  five  minutes  to  pure  isotonic  sodimn 
chloride  solution  (0.55m.  NaCl);  (2)  exposure  for  one  to  two 
minutes  to  a  weak  solution  of  a  fatty  acid  (acetic  or  butyric) 
in  sea-water;  and  (3)  exposure  to  warm  sea-water  (at  35®)  for 
seventy  seconds. 

In  the  majority  of  experiments  the  eggs  were  thus  treated  at 
about  the  time  of*  separation  of  the  first  polar  body — that  is, 
from  one  to  one-and-a-quarter  hours  after  removal  from  the  ani- 
mals— this  being  the  time  at  which  the  eggs  respond  most  fa- 
vorably to  either  normal  or  parthenogenetic  fertilization.  In  a 
number  of  instances  the  same  treatment  was  appHed  also  after 
maturation  was  complete,  at  three  to  four  hours  after  removal. 
Of  eggs  treated  at  this  time  the  proportion  reaching  larval  stages 
is  typically  much  smaller  than  in  the  first  class  of  cases;  this  de- 
crease in  responsiveness  to  artificial  treatment  is  probably  cor- 
related with  the  decreased  susceptibility  to  sperm-fertilization 
which  appears  at  this  time;^^  the  unfertilized  eggs  seem  thra 
normally  to  enter  on  a  refractory  or  relatively  irresponsive  phase 
in  the  life-cycle.  In  several  series  of  experiments,  however,  de- 
\'elopment  proved  more  favorable  in  eggs  which  were  treated 
after  maturation  was  complete;  this  occiured  chiefly  in  abnormal 
lots  of  eggs  which  exhibited  delay  in  the  post-maturational  cy- 
tolysis  and  imperfect  development  after  sperm-fertilization.  In 
all  those  experiments  where  eggs  treated  two  or  three  hours  after 
maturation  formed  a  considerable  proportion  of  larvae  (10-20  per 
cent),  sodiiun  chloride  solution  was  the  membrane-forming  agent; 
this  solution  appears  to  act  more  energetically  than  the  other  two 
agents  and  is  possibly  for  this  reason  better  able  to  overcome  the 
increased  resistance  which  the  eggs  show  at  this  stage.  • 

The  experiments  with  each  of  the  above  types  of  membrane- 
forming  treatment  will  now  be  described  separately  in  some 
detail. 


"  R.  S.  Lillie,  Journal  of  Experimental  Zoology,  1908,  vol.  5,  p.  411. 
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Series  L     Treatment  with  anesthetics  after  rnembrarte-formation 
by  isotonic  sodium  chloride  solution 

Brief  exposure  (five  to  ten  minutes)  to  0.55  m.  NaCl  is  typically 
followed  by  membrane-formation  in  a  considerable  proportion 
of  eggs,  of  which  a  minority  develop  to  a  larval  stage.  ^^  This 
mode  of  treatment  is  less  favorable  than  exposure  to  acid-con- 
taining sea-water  or  temporary  wanning,  and  even  when  a 
favorable  after-treatment  is  used  the  proportion  of  eggs  reaching 
larval  stages  rarely  exceeds  20  or  30  per  cent.  Presumably  the 
initial  cytolytic  action  of  this  solution  is  too  energetic  to  be 
readily  counteracted  or  reversed  by  the  subsequent  anti-cytolytic 
treatment. 

If  eggs  thus  treated  with  salt  solution  are  afterwards  exposed 
for  half  an  hour  to  hypertonic  sea-water  or  cyanide  solution,  or 
sea-water  containing  anesthetics  in  appropriate  concentrations, 
the  proportion  of  eggs  forming  blastulae  is  typically  and  often 
markedly  increased.  The  results  of  a  series  of  such  experiments 
are  summarized  in  table  1. 

In  this  series  each  form  of  after-treatment  caused  well-marked 
increase  in  the  proportion  of  eggs  developing  to  a  blastula  stage. 
It  is  to  be  noted  that  hypertonic  sea-water  was  less  effective  than 
the  other  solutions;  this  is  very  generally  the  case  with  starfish 
eggs.  After-treatment  with  hypertonic  sea-water  following  mem- 
brane-formation by  salt-solution  appears  often  to  be  more  effec- 
tive with  eggs  treated  after  the  completion  of  maturation  than 
before.  In  three  series  where  eggs  from  the  same  lots  were  thus 
treated  both  (a)  during  maturation  and  (b)  three  hoiu^  after- 
ward, the  proportions  forming  larvae  were:  (a)  <  1  per  cent,  (b) 
20-25  per  cent;  (a)  ca.  1  per  cent;  (b)  ca.  20  per  cent;  (a)  1  per 
cent;  (b)  ca.  10  per  cent.  No  such  differences  were  ever  observed 
with  hypertonic  sea-water  used  after  the  other  two  membrane- 
forming  agents.  Cyanide  and  the  anesthetics  show  well-marked 
action  in  the  above  experiments.  In  the  series  shown  in  table  2 
the  effects  of  after-treatment  with  alcohols  (ethyl,  propyl,  butyl, 
and  amyl)  are  illustrated. 

*•  American  Journal  of  Physiology,  1910,  vol.  26,  p.  119. 

TH£   JOURNAL  Or  BXPERIMCNTAL  SOdLOOT,  VOL.  15,  NO.  1 
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TABLE  1 

Jvly  4, 191  i:  10.90  a,m.  The  eggt  from  several  etarfish  were  placed,  about  one-^nd^ 
a^uarter  hours  after  removal  from  the  animale,  in  0,66  m,  NaCl  solution.  After 
five  minutes  in  this  solution  they  were  returned  to  seawater.  Part  of  the  eggs 
remained  permanently  in  sea^water  (for  corUrol),  The  rest,  ten  minutes  later 
were  placed  for  thirty  minutes  in  the  several  solutions  of  the  series;  they  were  then 
returned  to  sec^-water.  Next  morning  the  proportion  of  mature  eggs  thai  had 
formed  blastulae  was  approximately  estimated.    The  results  were  as  follows: 


AFTSR-TBBAnfBMT 


1.  None  (Control  treated  with  0.66m.  NaCl 
alone) 

2.  Hypertonic  sea-water   (250  cc.   sea- 
water  H-  30  cc.  2.5m  NaCl) 

3.  Sea-water  +  m/lOOO  KCN 

4.  Sea-water  -|-  0.6  vol.  %  ether 

5.  Sea-water  +  0.1  %  chloral  hydrate 

6.  Sea-water  -h  0.2  %  ethyl  urethane 

7.  Sea-water  one-tenth  saturated  with 
chloretone 


COKDZnON  NBXT  MORKIMa 


Only  one  living  blastula  found;  almost 
all  eggs  dead 

Blastulae  few  though  increased  in  num- 
ber,— ca.  1  %  of  mature  eggs 

Marked  increase  in  blastulae:  25-30  % 
of  mature  eggs 

Well-marked  increase:  ca. 

Well-^narked  increase:  ca. 

Less  favorable:  ca.  2-4  % 

Considerable  increase:  ca. 


10-15  % 
10-15% 


.5% 


Fertilized  control.  Eggs  fertilized  one-and-a-quarter  hours  after  removal 
yielded  a  large  proportion  of  normal  larvae. 

Unfertilized  control.  Eggs  left  in  sea-water  without  treatment:  next  morning 
all  mature  eggs  are  dead  and  coagulated,  without  membranes  or  cleavage. 


TABLE  2 

Jtdy  6:  $.$8  p.m.  Eggs  were  placed  aboiU  one  hour  after  removal  from  the  animals 
in  0.66m  NaCl  solution  for  five  minutes,  then  returned  to  seorwaler  and  after 
ten  minutes  placed  in  the  following  solutions  for  thirty  minutes,  then  again  re- 
turned to  sea-water.    The  results  were  as  follows: 


AJ^ER-TBE  ATHBMT 

1.  None   (control  treated  with  0.55 
NaCl  alone) 

2.  Hypertonic  sea-water 

3.  Sea-water  +  m/lOOO  KCN 

4.  Sea-water  -h  5  v.  %  ethyl  alcohol        i 

5.  Sea-water  -f-  2.5  v.  %  n-propyl  alcohol  I 

6.  Sea-water  +  1  v.  %  n-butyl  alcohol  I 

7.  Sea-water  +  0.25  v.  %  n-amyl  alco- 
hol t 


PROPOBTION  OF  MATURS  BOOS  FORMING  LARVAE 


Proportion  small  (ca  1  %) 

Well-marked  increase:  10-15  % 
Well-marked  increase:  10-15  % 
Like  2  and  3:  10-15  % 
Little  if  any  increase  <1  % 
Fair  increase:  ca.  5  % 
Well-marked  increase:  10-15  % 


Controls.    Eggs  fertilized  one  hour  after  removal  developed  normally, 
fertilized  eggs  were  all  dead  and  coagulated  next  morning. 


Un- 
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In  this  series  the  alcohols,  with  the  exception  of  propyl  alco- 
hol, showed  well-marked  though  not  pronounced  action.  The 
concentrations  in  which  the  alcohols  act  most  favorably  corre- 
spond closely  with  the  minimal  concentrations  for  producing  mus- 
cular anesthesia  in  Arenicola  larvae.^^  The  above  solutions  of 
propyl  and  butyl  alcohols  appear  to  be  somewhat  above  the  op- 
timal strength;  in  most  of  the  following  experiments  weaker  so- 
lutions, 2  V.  per  cent  and  0.8  v.  per  cent  respectively,  were  used. 
The  following  series  (table  3)  shows  results  similar  to  the  above. 

TABLE  3 

Jtdy  S7:    The  treatment  was  the  same  as  in  the  preceding  series 


ATTSB-TRB  ATMBNT 

1.  None    (treated    with   0.55m   NaCl 
alone) 

2.  H)rpertonic  sea-water 

3.  Sea-water  +  m/lOOO  KCN 

4.  Sea-water  H-  5  v.  %  ethyl  alcohol 

6.  Sea-water  +  2  v.  %  n-propyl  alcohol 

6.  Sea-water  +  0.8  v.  %  n-butyl  alcohol 

7.  Sea-water  -\-  0.25  v.  %  n-amyl  alcohol 


PBOPOBTION  or  SQOS  POBHINO  LABYAB 


Very  few  form  larvae:  <  1  % 

Well-marked  increase:  10-15  % 
Marked  increase:  40-50  % 
Marked  increase:  20-25  % 
Marked  increase:  30-40  % 
Less  favorable:  15-20  % 
still  less  favorable:  5-10  % 


Controls.  Nearly  all  eggs  fertilized  one  hour  after  removal  develop  normally. 
Unfertilized  eggs  undergo  normal  coagulation  without  membrane-formation  or 
cleavage. 

In  the  experiments  with  sodium  chloride  solution,  followed 
by  after-treatment  as  aboye,  the  proportion  of  eggs  developing 
to  a  larval  stage  was  in  some  cases  considerable — ^at  times  reach- 
ing 30  or  40  per  cent — ^but  never  very  high.  In  several  other 
similar  experiments  less  favorable  results  were  obtained;  usually 
the  after-treatment  caused  a  definite  increase  in  larvae,  but  ex- 
ceptions to  this  rule  sometimes  occurred,  especially  when  the  eggs 
were  in  any  way  abnormal.  As  already  mentioned,  sodium  chlo- 
ride solution  gives  in  general  less  favorable  results  than  the  other 
two  membrane-forming  agents,  probably  because  the  action  of 
the  salt  is  too  energetic  and  tends  to  produce  effects  not  readily 
reversible  by  the  subsequent  action  of  the  anesthetic,  hypertonic 
sea-water,  or  cyanide.    The  experiments  with  fatty  acid  about 

"  American  Journal  of  Physiology,  1913,  vol.  31,  p.  264. 
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to  be  described  are  more  favorable  and  in  some  cases  exhibit  a 
close  approach  to  the  results  of  normal  fertilization. 

Series  II.     Treatment  with  anesthetics  after  menibrane-fonnation 

by  fatty  acids 

In  this  series  the  results  of  after-treatment  with  anesthetics 
were  more  decidedly  and  uniformly  favorable  than  in  the  series 
with  sodium  chloride  solution.  The  proportion  of  eggs  forming 
larvae  after  such  treatment  is  almost  invariably  much  higher 
than  after  the  simple  membrane-formation  with  acid,  although 
to  this  rule  also  there  are  certain  exceptions,  the  more  significant 
of  which  are  considered  below.  Experiments  with  acetic  acid 
solution  followed  by  anesthetics  were  performed  last  smnmer 
with  eighteen  different  lots  of  eggs  at  different  times;  in  four  of 
these  series  butyric  acid  was  also  used,  making  a  total  of  twenty- 
two  series  of  experiments  with  fatty  acid.  As  a  rule,  starfish 
eggs  treated  with  acid  alone,  without  after-treatment  of  any  kind, 
yield  only  a  small  proportion  of  larvae,  rarely  exceeding  10  per 
cent;  this  was  the  case  in  twenty  out  of  the  twenty-two  series; 
in  all  of  those  series  where  the  behavior  of  the  control  eggs  was 
normal  (seventeen  in  all)  the  after-treatment  led  to  a  marked 
increase  in  the  proportion  of  favorably  developing  eggs,  in  some 
cases  eighty  per  cent  or  more  of  the  eggs  forming  active  blastulae. 
In  three  series  out  of  the  twenty  the  eggs  were  imfavorable  and 
yielded  only  a  few  larvae  after  normal  fertilization,  and  corre- 
spondingly the  proportion  of  parthenogenetically  developing  eggs 
was  small;  in  two  out  of  these  three  series  the  after-treatment 
with  alcohol  caused  a  definite  though  slight  increase  in  the  pro- 
portion of  larvae;  in  the  third  the  increase  was  doubtful.  The 
remaining  two  series  showed  imusual  beha\aor  of  a  quite  different 
kind;  the  eggs  treated  with  fatty  acid  without  any  after-treatment 
yielded  a  high  proportion  of  larvae,  and  the  after-treatment 
appeared  rather  injurious  than  beneficial;  these  series  will  be 
discussed  more  fully  below. 

Last  smnmer  six  series  of  experiments  were  performed  with 
the  solutions  of  table  4.  Five  of  these  series  were  carried  out 
within  a  single  week  toward  the  end  of  June,  and  the  sixth  a  few 
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days  later.    The  table  gives  a  summarized  accomit  of  the  results 
of  all  six  series. 

The  results  of  these  experiments  show  considerable  unif onnity. 
The  number  of  larvae  resulting  from  acid  treatment  alone  was 
small,  and  each  form  of  after-treatment  caused  a  decided  in- 
crease in  the  proportion  of  eggs  forming  larvrfe.  It  is  noteworthy 
that  hypertonic  sea-water  is  on  the  whole  less  favorable  than  the 
other  solutions.  Cyanide  and  chloral  hydrate  show  somewhat 
better  results  than  the  other  solutions;  this,  however,  is  not  always 
the  case,  as  the  following  experiments  with  alcohols  will  illustrate. 

TABLE  4 

In  each  series  the  eggs  were  exposed,  about  one  hour  after  removal  from  the  animalSf 
to  a  solution  containing  6  cc.  n/lO  acetic  acid,  plus  100  cc.  sea-watcTf  for  one  to 
two  minutes.  Ten  minutes  later  they  were  brought  into  the  several  solutions  of 
the  series f  where  they  remained  for  thirty  minutes;  they  were  then  returned  to  sea- 
water.  Part  of  the  acid-treated  eggs  received  no  after-treatment  (for  control). 
The  hypertonic  sea-water  consisted  in  all  cases  of  a  mixture  of  250  cc.  sea-water 
plus  SO  cc,  B.6m  NaCl.  The  solutions  (in  sea-water)  of  cyanide  and  anaesthetics 
were  kept  in  corked  flasks.  The  results  are  given  in  approximate  percentages  of 
mature  eggs  forming  swimming  larvae  (hlastulae  or  gastrvlae),  under  the  date  of 
the  experiment.  The  condition  of  the  control  eggs,  sperm-fertilized  and  unfer- 
tilized, is  recorded  in  each  case. 


AFTEB-TREATMENT 


June  25 


Jane  26    |     June  27 


1.  None  (acid  s.w.     i 
alone) \ca.  1- 


■2% 


2.  Hypertonic  sea- 
water 

3.  m/lOOOKCN 

4.  0.6  V.  %  ether.... 

5.  0.1  %  chloral 

6.  0.2%  urethane... 

7.  l/lO  saturated 
chloretone 

Condition  of  control 
eggs 


1-2% 


I  1%  or 
I     less 


ca.  5% 
ca.  20% 
10-15% 
25^% 
10-15% 


ca.  5% 
10-15% 
10-15% 
>50% 
5-10% 


15-20%     15-20% 

Normal  j  Partly 
I  resist- 
ant; 
good 
propor- 
tion 
'  normal 


10-15% 
20-25% 
<5% 
10-15% 
ca.  10% 

ca.  10% 

Normal 


June  28 

June  30 

July  4 

<1% 

<1% 

ca.  1% 

ca.  10% 

ca.  5% 

5-10% 

20-30% 

<5% 

3040% 

ca.  10% 

ca.  10% 

25-35% 

ca.  10% 

<5% 

25-35% 

ca.  10% 

<5% 

ca.  25% 

ca.  10% 

<5% 

ca.  25-30% 

Partly 

Consid- 

Majority 

resist- 

erable 

normal 

ant;  ma- 

propor- 

jority 

tion  re- 

normal 

sistant 
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In  the  series  of  June  30,  and  to  a  lesser  degree  of  June  28,  the 
increase  produced  by  anesthetics  was  relatively  slight.  These 
eggs  showed  certain  other  abnormalities  of  behavior;  they  were 
partly  resistant  to  fertilization,  and  in  many  the  post-matura- 
tional  cytolysis  was  delayed.**  They  also  showed  exceptional 
behavior  in  another' respect;  eggs  treated  in  the  above  manner 
two  hours  after  maturation  was  complete  gave  a  larger  proportion 
of  larvae  than  those  treated  during  the  maturation  period.  Some 
instances  of  similarly  abnormal  behavior  were  cited  above  in  the 
case  of  eggs  treated  with  sodium  chloride  solution;  in  these  cases 
also  the  eggs  responded  less  favorably  to  a  parthenogenetic  treat- 
ment applied  during  the  maturation-period  than  to  one  applied 
later.  An  abnormally  lowered  responsiveness  during  the  matura- 
tion period  seems  thus  often  to  be  associated  with  an  abnormally 
increased  responsiveness  later.  The  presence  of  a  considerable 
proportion  of  abnormal  eggs  in  the  experiments  of  June  28  and  30 
probably  accounts  for  the  relatively  imfavorable  character  of 
the  result  on  those  days. 

Effects  of  treatment  with  solutions  of  cyanide  and  anesthetics 
without  previous  membrane-formoHon.  Experiments  were  per- 
formed to  determine  what  effect  the  above  forms  of  after-treat- 
ment, acting  alone,  have  upon  unfertilized  starfish  eggs.  The 
results  of  these  experiments  show  clearly  that  the  treatment  with 
these  solutions  must  be  superposed  on  the  preliminary  membrane- 
forming  treatment  in  order  to  produce  their  characteristic  effects. 
When  acting  alone  they  are  almost  or  quite  ineffective  in  induc- 
ing development,  or  what  effect  they  have  is  confined  to  a  small 
proportion  of  eggs,  presumably  the  abnormal  minority  almost 
invariably  present  in  lots  of  starfish  eggs.  The  following  ex- 
periments will  illustrate:  in  the  series  of  June  25  part  of  the 
eggs  were  exposed  to  hypertonic  sea-water,  cyanide  and  anes- 
thetics at  the  same  time  as  the  others,  but  without  having  been 
treated  previousy  with  fatty  acid.  The  results  are  summarized  in 
table  5. 

Several  other  similar  series  of  experiments  (June  20,  21,  23, 
24)  gave  essentially  the  same  results.    Exposiu'e  to  hypertonic 

St  For  an  account  of  this  condition,  cf.  Biological  Bulletin,  1912,  vol.  22,  p.  328. 
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sea-water  for  thirty  minutes  usually  caused  considerable  mem- 
brane-formation and  cleavage,  and  in  a  few  cases  gave  a  small 
proportion  of  blastulae.  Ether  showed  a  similar  though  less 
marked  action;  the  proportion  of  eggs  affected  was  in  all  cases 
small.  With  cyanide,  chloral  hydrate,  urethane,  and  chloretone 
there  was  never  any  indication  of  membrane-formation  or  cleav- 
age in  eggs  treated  during  the  maturation  period.  Some  slignt 
effect  however  was  seen  in  eggs  exposed  in  the  later  period,  and 
in  three  series  a  few  eggs  treated  with  chloretone,  urethane,  and 
chloral  hydrate  formed  larvae,  though  the  great  majority  re- 
mained unchanged.  There  was  no  action  with  cyanide.  Appar- 
ently the  conditions  of  response  to  the  membrane-forming  treat- 
ment undergo  a  certain  change  after  maturation  is  complete: 
the  increased  resistance  to  normal  fertilization  then  appearing  is 
associated  with  a  change  in  the  effects  produced  by  the  above  so- 
lutions of  anesthetics.  The  existence  of  a  certain  proportion  of 
eggs  showing  a  behavior  more  or  less  divergent  from  the  norm 

TABLE  5 

June  26 J 1912:  Unfertilized  starfish  eggs  of  the  same  lot  were  placed  in  the  following 
solutions  at  two  different  intervals  after  removal  from  the  animals;  part  A  €^out 
one-and-a-qttarter  hours  after  removal,  part  B  aboiU  two  hours  later.  After  remain- 
ing in  the  solutions  for  thirty  minutes  they  were  returned  to  sea^water.  The  con- 
dition of  the  eggs  next  day  was  as  follows: 


1 


A  (BXPOflBD  li  H.  AFTBB 
BEMOVAL) 


2.  m/lOOOKCN. 


Hjrpertonic  sea-water.  About  half  the  eggs  show  I 
membrane-formation ;  the 
rest  have  coagulated  un* 
changed.^  No  blastu- 
lae 
No  effect.  All  coagulated 
I     unchanged 

3.  0.6  V.  %  ether i  Almost  all  coagulated  un- 

I     changed.     A   few   mem- 
I     branes 

4.  0.1  %  chloral  hydrate.  I  All  coagulated  unchanged 

5.  0.2  %  urethane |  All  coagulated  unchanged 

6.  l/lO  saturated  chlore- 
tone    All  coagulated  unchanged 


B  (BXPOSBD  3}  H.  AFTBB 
BBMOYAL) 

Majority    coagulated    un- 
changed; no  blastulae 


All  coagulated  unchanged 

Great  majority  coagulated 
unchanged;  a  few  blas- 
tulae present 
All  coagulated  unchanged 
All  coagulated  unchanged 

All  coagulated  unchanged 


*  That  is,  show  the  same  condition  as  the  untreated  control  eggs— dead  and 
coagulated  without  membrane-formation  or  cleavage. 
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must  also  always  be  allowed  for  in  lots  of  starfish  eggs,  which 
show  marked  contrast  to  the  r^ularity  and  uniformity  of  behav- 
ior characteristic  of  Arbacia  eggs. 

Since  treatment  with  anesthetics  and  cyanide  alone,  without 
preliminary  membrane-formation,  has  typically  no  effect  in  initi- 
ating the  development  of  starfish  eggs,  while  after  the  membranes 
have  been  formed  the  same  treatment  greatly  increases  the  pro- 
portion of  eggs  that  develop  favorably,  it  is  to  be  inferred  that 
the  essential  physiological  effect  of  this  treatment  is  of  a  kind 
quite  different  from  that  of  the  initial  membrane-forming  treat- 
ment. Expressed  in  general  terms,  the  effect  seems  to  be  essen- 
tially compensatory  in  nature,  and  consists  in  restoring  a  physio- 
logically balanced  condition  which  has  been  disturbed  by  the  first 
treatment.  Thus  if  the  initial  action  is  cytolytic,  the  second  is 
probably  anti-cytolytic.  In  these  concentrations  the  above  anes- 
thetics and  cyanide  have  in  fact  a  protective  or  anti-cytolytic  ac- 
tion on  eggs  exposed  to  pure  sodixun  chloride  solution;  and  it 
seems  thus  probably  that  the  favorable  effects  of  the  after-treat- 
ment depend  on  an  action  of  essentially  this  nature — that  is, 
consist  in  a  modification  of  the  plasma-membrane  of  the  oppo- 
site kind  to  that  produced  by  the  primary  or  cytolytic  treatment, 
in  other  words,  in  the  direction  of  a  decrease  of  permeability,  or 
of  an  increase  in  the  resistance  to  any  permeability-increasing 
conditions  that  may  be  present. 

Alcohols.  After-treatment  with  alcohols  gave  results  similar  to 
the  above,  but  on  the  whole  more  favorable.  This  increased 
favorability  may  however  be  due  to  the  fact  that  most  of  the 
experiments  with  alcohols  were  performed  during  late  July  and 
August,  at  a  time  when  the  starfish  eggs  showed  in  general  a 
greater  responsiveness  to  parthenogenetic  treatment  than  in  June, 
in  which  month  most  of  the  experiments  with  the  first  group  of 
anesthetics  were  made.  During  late  July  and  early  August  eggs 
exposed  to  acid  sea-water  alone,  without  any  after  treatment, 
often  yielded  a  considerable  and  in  a  few  cases  a  high  proportion 
of  larvae.  The  effects  of  the  after-treatment  with  alcohols  are 
shown  in  table  6,  in  which  are  siunmarized  the  results  of  four 
series  of  experiments  with  both  acetic  and  butyric  acids,  made  on 
four  successive  days  toward  the  end  of  July. 
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TABLE  6 

In  these  experiments  both  acetic  and  butyric  adds  were  ttsed.  The  eggs  were  exposed, 
about  one  hour  after  removal^  to  sea-water  containing  6  cc,  n/ 10  fatty  acid  to  100  cc, 
sea-water,  for  one  minute,  ,  After  ten  minutes  they  were  brought  into  the  solutions 
of  the  series  where  they  remained  thirty  minutes;  they  were  then  returned  to  sea- 
water.  Hypertonic  sea-water  and  cyanide  were  also  used  for  comparison.  The 
figures  give  the  approximate  proportion  of  mature  eggs  forming  free-swimming 
blastvlae  and  gastrulae. 

A.  Acetic  acid  series 


AFTER-TRX  ATM  ENT 


July  23 


July  24 


July  25 


July  26 


1.  None  (acetic  acid  alone) .  .^  ca.  5  %       \  ca.  I  % 

2.  Hypertonic  sea-water no  exp't.     ^ca.Z-4% 

3.  n/1000  KCN 30-40  %       i  ca.  50  % 

4.  5  V.  %  ethyl  alcohol ;  30^40  %      I  ca.  10  % 

5.  2  V.  %  n-propyl  alcohol. . . !  ca.  20-25%  i  ca.  3-4  % 

6.  0.8  V.  %  n-butyl  alcohol... '  ca.  35^0%    ca.  Z-A  % 

7.  0.25  V.  %  n-amyl  alcohol..  I  ca.  25-30%    ca.  Z-A  % 


10-15  % 
ca.  10-15% 
ca.  90% 
ca.  60% 
ca.  60% 
ca.  70  % 
ca.  65-75% 


10-15  % 
ca.  50  % 
ca.  70  % 
ca.  10  % 
25-35  % 
ca.  50  % 
ca.  40% 


B.  Buiyric  acid  series 


1.  None  (butyric  acid  alone) 

2.  Hypertonic  sea-water — 

3.  m/lOOOKCN 

4.  5  V.  ethyl  alcohol 

5.  2  V.  %  n-propyl  alcohol.. 


6.  0.8  V.  %  n-butyl  alcohol.. 

7.  0.26  V.  %  n-amyl  alcohol. 


10-15% 
no  exp't 

ca.  20% 
85-90% 

80-90% 


ca.  60  % 
ca.  40  % 


ca.  10% 
ca.  5  %  (de- 
crease) 
ca.  50  % 
ca.  35-40% 

increase 
slight 
«10%) 
ca.  10  % 
ca.  20  % 


20-25% 
30-40% 

ca.  50% 
5-10  %  (de- 
crease)    I 
40-50  % 


ca.  50% 
ca.  60% 


ca.  30% 
ca.  50% 

ca.  90  % 
decrease 

(ca.10%) 
decrease 

(10-15%) 

ca.  50% 
ca.  60% 


Controls.  In  all  four  series  the  great  majority  of  sperm-fertilized  eggs  yielded 
normal  larvae.    The  unfertilized  eggs  showed  no  development. 

In  three  additional  similar  series  with  acetic  acid,  methyl  alco- 
hol (10  V.  per  cent  and  8  v.  per  cent)  and  capryl  alcohol,  CgHnOH, 
(one-fifth  saturated  solution  in  sea^-water)  were  used  in  addition 
to  the  above.  Methyl  alcohol  proved  unfavorable;  capryl  al- 
cohol gave  a  well-marked  increase  in  two  of  the  experiments; 
in  the  third  the  acid  treatment  alone  produced  an  unusually  high 
proportion  of  larvae  (70  to  80  per  cent  of  the  mature  eggs)  and 
all  forms  of  after-treatment  were  unfavorable  (cf.  table  7). 
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This  last  phenomenon  was  observed  m  several  series;  those  of 
July  25  and  July  26,  in  table  6  (eggs  treated  with  butyric  acid), 
show  it  in  part;  two  other  series  where  a  still  higher  proportion  of 
eggs  formed  larvae  after  simple  membrane-formation,  illustrate 
this  behavior  more  definitely.  These  series  are  summarized  in 
table  7. 

TABLE  7 

The  unfertilized  eggs  were  treated  for  one  minute  xoith  a  solution  of  6  cc.  n/10  acetic 
add  plus  too  cc,  sear^ateTf  at  abotU  one-^md-a-quarter  hours  after  removal  from 
the  starfish.  After  ten  minutes  in  normal  sea-water  they  were  exposed  for  thirty 
minutes  to  the  solution,  then  returned  to  sea-water. 


▲rrBB-TRBATlfCNT 

July  6 


1.  None  (acid  treatment  alone)  i  30-40  %  of  eggs  form 

larvae 

2.  Hypertonic  sea-water |  No  apparent  increase 

3.  m/1000  KCN Decrease;  ca,  10  %  lar 

I      vae 

4.  5  and  6  v.  %  ethyl  alcohol..   All  dead  next  day 

5.  2.5  V.  %  n-propyl  alcohol.. .    All  dead  next  day 

6.  1  V.  %  n-butyl  alcohol |  All  dead  next  day 

7.  0.25  V.  %  n-amyl  alcohol. . .    ca.  30  %  larvae 

8.  1/5  saturated  capryl  alcohol  I  No  experiment 


July  30 


70-80  %  form  larvae 

Slight  decrease;  65-75  % 
Slight  decrease ;  ca.  60  % 

All  dead  next  day 
All  dead  next  day 
All  dead  next  day 
A  few  larvae;  ca.  1  % 
ca,  30-40  %  larvae 


Controls,    Normal:  almost  all  fertilized  eggs  from  larvae.    Unfertilized  eggs 
undergo  coagulation  without  membrane-formation  or  cleavage. 

In  these  experiments  the  after-treatment  not  only  effected  no 
improvement,  but  on  the  contrary  was  definitely  injurious.  It 
would  thus  appear  that  the  after-treatment  is  favorable  only  with 
those  eggs  which  are  unable  otherwise  to  recover  a  normal  con- 
dition. Eggs  which  are  able  spontaneously  to  recover  from  the 
effects  of  the  initial  cytolytic  action  are  imfavorably  affected  by 
the  subsequent  anti-cytolytic  treatment.  As  already  suggested, 
this  treatment  appears  to  be  essentially  compensatory  in  its  action; 
and  merely  aids  in  restoring  what  might  be  called  a  condition  of 
physiological  equilibrium.  Hence,  with  eggs  that  spontaneously 
revert  to  the  normal  state  after  membrane-formation,  the 
addition  of  the  after-treatment  is  likely  to  result  in  over-com- 
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pensation  and  hence  in  injury.  Whether  the  after-treatment 
is  favorable  or  not  thus  depends  on  the  physiological  condition 
of  the  egg.  Its  action  is  at  best  supplementary,  and  is  superflu- 
ous or  injurious  whenever  the  egg  is  capable  of  regaining  the 
normal  condition  imaided. 

As  with  the  first  series  of  anesthetics,  it  was  found  that  treat- 
ment with  alcohols  alone,  without  prfeliminary  membrane-forma- 
tion, leaves  the  great  majority  of  eggs  apparently  unchanged. 
A  small  and  variable  proportion  of  eggs  so  treated  may,  however, 
form  membranes  and  develop,  as  in  the  above  experiments  with 
ether,  urethane  and  chloretone.  The  essential  physiological  ac- 
tion of  the  alcohols,  like  that  of  the  other  anesthetics,  is  thus 
different  from  that  of  the  membrane-forming  agency,  and  proba- 
bly consists  in  a  modification  of  the  membrane  in  the  direction 
of  decreased  permeability. 

Series  III.     Treatment  with  anesthetics  after  membrane-fomtatian 
by  temporary  warming 

Brief  exposure  of  starfish  eggs  during  the  maturation-period  to 
temperatures  of  34°  to  38°  induces  typical  membrane-formation 
followed  by  cleavage,  which  in  favorable  instances  leads  to  the 
production  of  a  considerable  proportion  of  larvae.  As  with  the 
other  membrane-forming  agents,  this  proportion  may  be  in- 
creased by  after-treatment  with  hypertonic  sea-water,  cyanide, 
or  anesthetics.  Table  8  gives  a  summary  of  four  .typical  series 
of  experiments,  in  which  urethane,  chloretone,  and  ether  show  well- 
marked  favorable  action,  while  chloral  hydrate  and  cyanide  are 
less  effective;  hypertonic  sea-water  again  proves  relatively  ineffec- 
tive as  compared  with  the  other  solutions.  Two  series  of  exper- 
iments with  alcohols  gave  similar  results,  summarized  in  table  9. 

After-treatment  with  alcohols  is  thus  highly  effective  with  eggs 
subjected  to  this  type  of  membrane  forming  treatment.  In  these 
experiments  (table  9)  propyl,  butyl  and  amyl  alcohols  appear  more 
favorable  than  ethyl  alcohol,  and  the  same  was  very  generally 
observed  in  last  smnmer's  experiments  with  starfish  eggs.  In  my 
experiments  with  Arenicola  larvae,  propyl  and  butyl  alcohols 
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TABLE  8 

The  eggs  were  placed  at  aboiU  the  time  of  separation  of  the  first  polar  body  in  sea- 
water  at  S5'*  for  seventy  seconds,  and  then  returned  to  sea-water  at  ca.  20°,  Ten 
minutes  later  they  were  placed  in  the  following  solutions  where  they  remained  thirty 
minutes;  thence  again  to  sea-water.  The  proportions  of  mature  eggs  forming  larvae 
were  approximately  as  follows: 


pBOPosnox  or  boob  roBuiNa  larvab 


AFTER-TBEATMENT 


June  19 


June  20 


June  21 


1.  None  (warming  alone) <5  % 

I    r  slight  in 

2.  Hypertonic  sea-water '    -  crease; 

I     [ca.  5  % 

3.  n/lOOOKCN 5-10% 


4.  0.6  V. 


ether. 


5.  0.1  %  chloral  hydrate ca.  10  % 

6.  0.2  %  urethane no  exp't 

/  few;<ex- 


7.  1/10  saturated  chloretone.. 


\  per.  1 


5-10  % 
no   .in- 
crease; 5 
-10% 

ca.  5  % 

20-25% 

/  few;<ex- 
\  per.    1 

ca.  20  % 
ca.  25-30% 


ca.  5% 
ca.  10  % 


ca.  10  % 
10-15  % 
no    in- 
crease; 
ca.  5  % 
ca.  20% 


June  24 

ca.  5  % 

>5% 


few:  <5  % 
ca.  20  % 
few  ;ca.  5% 


40-50% 


ca.  25-30  %  30-40  % 


Controls  showed  a  good  proportion  of  normal  eggs;  on  June  21  many  eggs 
failed  to  maturate;  on  June  24  the  proportion  of  fertilized  eggs  yielding  larvae 
was  smaller  than  usual. 

Eggs  from  each  lot  were  subjected  to  the  same  treatment  after  maturation 
was  complete  (3}  to  4  hours  after  removal);  the  results  of  these  experiments  were 
almost  entirely  negative.  After  maturation  the  eggs  become  relatively  irre- 
sponsive to  this  form  of  treatment.** 

TABLE  9 

The  eggs  were  warmed  briefly  to  S5°  as  already  described,  and  exposed  for  thirty  min- 
utes to  the  following  solutions 


pbopobtion  of  labvae 


APTEB-TBBATMENT 


July  27 


1.  None  (warming  only) ca.  10  % 

2.  Hypertonic  sea-water No  increase;  ca.  10  % 

3.  m/1000  KCN I  ca.  60  % 

4.  5  V.  %  ethyl  alcohol Slight    increase:  10- 

i      15% 

5.  2  V.  %  n-propyl  alcohol I  50-60  % 

6.  0.8  V.  %  n-butyl  alcohol '  75-«5  % 

7.  0.25  V.  %  n-amyl  alcohol 50  % 

8.  1/5  saturated  capryl  alcohol I  No  exp't 


July  29 

2^% 
ca.  5  % 

decrease;  1-2  % 
15-20% 

20-25% 
15-20% 
15-20% 
ca.  10  % 


Both  sets  of  controls  were  normal. 


*»  Journal  of  Experimental  Zodlogy,  1908,  vol.  5,  pp.  400  seq. 
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also  showed  a  distinctly  greater  protective  or  anti-cytolytic  action 
than  ethyl  alcohol.'® 

It  is  remarkable  that  hypertonic  sea-water,  in  the  numerous 
experiments  performed  last  summer,  never  proved  more  than 
moderately  effective  with  starfish  eggs,  and  in  no  case  effected 
so  great  an  improvement  as  occurred  in  favorable  experiments 
with  cyanide  or  anesthetics.  With  sea-urchin  eggs,  on  the  other 
hand,  hypertonic  sesrwater  of  the  above  concentration  gives 
highly  constant  and  favorable  results.  It  would  seem  that  the 
action  of  hypertonic  sear-water  in  artificial  parthenogenesis  is 
in  no  sense  exceptional  or  distinctive,  but  that  it  is  for  mainly 
incidental  reasons  that  this  treatment  proves  so  highly  favorable 
with  certain  species  of  eggs,  while  with  others  a  quite  different 
form  of  treatment  is  more  effective.  Why  such  different  agen- 
cies should  produce  the  same  physiological  effects  cannot  at  pres- 
ent be  said  in  any  detail.  The  common  factor  in  the  production 
of  these  effects  is  probably  the  presence  of  a  membrane  whose 
physiologically  important  properties,  such  as  electrical  polariza- 
tion, are  influenced  by  agencies  of  widely  different  kind  in  essen- 
tially the  same  manner.  The  case  of  stimulation  again  affords 
perhaps  the  best  analogy;  here  polarization-changes  at  membranes 
are  demonstrably  concerned,  and  we  find  that  a  large  variety  of 
stimuli  may  cause  the  same  effect.  The  possibilities  of  variation 
in  polarization,  qua  polarization,  are  limited;  a  given  agency  may 
either  decrease  the  polarization  of  a  membrane  or  increase  it, 
and  the  degree,  rate,  and  periodicity  of  these  changes  may  vary. 
What  is  significant  is  that  the  number  of  variables  is  constant 
and  limited.  It  is  thus  not  surprising  that  a  variety  of  external 
changes  should  produce  the  same  physiological  effect,  if  this 
effect  depends  on  a  change  of  polarization.  The  phenomena  under 
consideration  in  the  present  paper  appear  to  illustrate  this 
principle. 


'®  Cf.  American  Journal  of  Physiology,  1913,  pp.  264  seq. 
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III.  SUMMARY 

The  chief  experimental  results  and  theoretical  conclusions  of 
the  present  paper  may  be  briefly  simunarized  as  follows. 

1.  Temporary  exposure  of  unfertilized  starfish  eggs  to  pure 
isotonic  NaCl  solution,  to  sea-water  containing  fatty  acid,  or  to 
high  temperature  (35°),  is  followed  by  the  formation  of  fertili- 
ization-membranes  and  cleavage,  and  a  certain  proportion  of 
eggs  so  treated  (usually  from  1  to  5  per  cent)  may  develop  to  a 
larval  stage.  If,  after  membranes  are  formed,  the  eggs  are  treated 
for  thirty  minutes  with  hypertonic  sea-water  or  weak  cyanide 
solution,  the  proportion  thus  developing  is  usually  increased,  often 
to  a  marked  degree. 

2.  The  same  effect  is  produced  in  Asterias  ^gs  by  after- 
treatment  with  solutions  of  various  anesthetics  in  sea-water, 
namely,  ethyl  ether,  ethyl  urethane,  chloral  hydrate,  chloretone, 
various  alcohols  (ethyl,  propyl,  butyl,  amyl,  capryl).  Arbacia 
eggs  do  not  respond  to  this  treatment. 

3.  The  anesthetics  exert  this  favorable  action  in  concentrations 
corresponding  closely  to  those  causing  typical  anesthesia  in 
Arenicola  larvae.  The  essential  effect  of  this  treatment  upon 
the  egg  is  thus  probably  of  the  same  natiu-e  as  that  which  con- 
ditions anesthesia  in  irritable  tissues.  This  effect  appears  to 
consist  in  imparting  to  the  plasma  membranes  either  a  degree 
of  permeability  which  is  less  than  the  normal,  or  an  increased 
resistance  to  agencies  whose  general  action  is  permeability- 
increasing  (that  is,  cytolytic,  if  the  action  is  not  compensated 
or  reversed  within  a  certain  time). 

4.  The  above  anesthetics  have  been  shown  to  exert  a  protec- 
tive or  anticytolytic  action  on  starfish  eggs  in  the  presence  of 
certain  cytolytic  agents  (pure  salt-solutions).  Their  action  in 
preventing  the  disintegration  of  eggs  after  artificial  membrane- 
formation,  and  in  thus  rendering  possible  the  continuance  of 
development,  is  probably  an  effect  of  the  same  essential  kind. 
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5.  The  view  is  put  forward  that  the  essential  physiological 
effects  produced  by  the  two  successive  treatments  in  artificial 
parthenogenesis  are  opposite  in  character  and  correspond  re- 
spectively to  the  depolarizing  and  the  repolanzing  phases  of  the 
stimulation-process  in  irritable  tissues  in  general.  The  primary 
or  membrane-forming  treatment  has  a  permeability-increasing 
and  hence  depolarizing  effect  upon  the  plasma  membrane.  This 
initial  depolarization  is  probably  the  critical  or  detenninative 
event  in  fertilization,  as  well  as  in  stimulation.  A  return  of  the 
plasma  membrane  to  or  toward  the  original  semi-permeable  and 
electrically  polarized  condition  within  a  certain  time  (ca.  fifteen 
minutes  at  20°),  is,  however,  essential  if  normal  development  is 
to  follow,  otherwise  cytolysis  results.  This  recovery  of  the  normal 
semi-permeability  of  the  membrane,  with  the  correlative  elec- 
trical polarization,  is  favored  by  after-treatment  with  agencies 
(cold,  cyanide,  anesthetics,  hypertonic  sea-water)  whose  general 
action  is  permeability-decreasing  or  anti-cytoljrtic.  Hence,  such 
after-treatment  increases  the  proportion  of  eggs  that  regain  their 
normal  properties  and  continue  development. 
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INTRODUCTION 

Since  the  beginning  of  investigations  into  the  phenomena  of 
the  maturation  processes  there  have  been  conflicting  views 
regarding  the  natm-e  of  the  two  mitoses  which  so  closely  follow 
each  other  without  the  customary  resting  stage  intervening. 
Almost  from  the  first  this  period  in  the  history  of  the  germ  cells 
has  been  assigned  great  importance  and  a. necessity  for  a  thorough 
understanding  of  the  facts  has  been  realized.  Among  those 
possessed  of  an  intimate  knowledge  of  the  compUcated  changes 
here  taking  place  there  has  come  to  be  a  general  agreement  that 
of  all  the  cell  parts  the  chromatin  gives  every  evidence  of  being 
primarily  important.    Along  with  this  has  arisen  the  conviction 
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that  its  organization  is  very  precise  and  that  the  most  tangible 
evidence  of  this  is  its  method  of  integration  into  a  definite  and 
characteristic  series  of  imits  in  each  kind  of  organism. 

From  many  careful  studies  of  a  great  number  of  different  ani- 
mals and  plants  the  following  facts  have  been  determined  beyond 
any  reasonable  doubt:  1.  In  both  male  and  female — ^with  a 
si^iificant  exception — there  occur  identical  and  duplicate  series 
of  these  chromatin  units.  2.  During  maturation  this  duplicate 
series  is  reduced  in  number  to  one-half  by  the  joining  of  homol- 
ogous pairs  together.  3.  In  the  course  of  the  two  maturation 
mitoses  these  paired  elements  are  disjoined  with  the  final  result 
that  each  mature  germ  cell  is  provided  with  one  representative 
of  each  pair.  4.  When  the  paternal  and  maternal  germ  cells 
thus  produced  come  together  in  fertilization  there  is  restored 
again  the  duplicate  series  with  which  the  process  started. 

There  is  nothing  to  indicate  that  any  other  parts  of  the  cell 
have  such  significance  as  the  behavior  of  these  chromatin  units 
indicates  is  theirs,  and  accordingly  the  phenomena  of  their  jimc- 
tion  and  disjunction  requires  the  most  exact  analysis.  There  are 
many  complicated  changes  taking  place  here,  and  the  condi- 
tions are  such  as  to  make  it  difficult,  or  even  impossible  in  some 
cases,  to  determine  exactly  what  are  the  facts.  Each  step  in 
the  process  must  however  be  understood  and  no  effort  should  be 
spared  to  ascertain  all  the  facts.  Of  the  greatest  importance 
are  the  stages  immediately  following  the  last  division  with  the 
unreduced  nmnber  of  chromosomes.  At  this  time,  undoubtedly, 
changes  of  vital  significance  occur,  but  unfortimately  they  are 
very  involved  and  difficult  to  determine  in  detail.  However,  one 
fact,  which  is  the  important  one  in  connection  with  the  present 
study,  stands  out  clearly:  the  series  of  chromosomes  present 
in  the  last  mitosis  with  the  unreduced  nxmiber  reappears  in  easily 
recognizable  form  in  the  prophase  of  the  first  maturation  division. 
The  only  difference  of  importance  is  that  instead  of  being  present 
in  a  series  of  single  elements,  the  chromosomes  are  now  joined 
together  in  pairs  so  that  the  number  of  independent  chromatin 
bodies  is  one-half  of  that  in  the  preceding  generation.    But  noth- 
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ing  has  been  lost  from  the  cell  and,  so  far  as  the  morphological 
identity  of  the  chromosomes  is  concerned,  no  difference  exists 
except  their  pairwise  union. 

The  important  phenomena  of  the  synapsis  stage  will  receive 
consideration  in  later  papers  by  my  students  and  myself.  At  the 
present  time  I  wish  merely  to  consider  the  comparatively  simple 
conditipns  apparent  in  the  late  prophase  of  the  first  maturation 
division  and  in  the  succeeding  mitoses.  This  is  an  important 
matter  because  from  studies  of  these  stages,  and  upon  practically 
identical  material,  all  the  possible  interpretations  of  the  matura- 
tion divisions  have  been  advanced.  Diversity  of  opinion  regard- 
ing maturation  phenomena  in  unlike  materials  may  therefore  be 
due,  as  in  this  case,  not  to  differences  in  fact  but  merely  to  variety 
of  interpretation.  Also,  regardless  of  the  exact  nature  of  the 
synaptic  changes  it  is  of  great  importance  to  know  just  what  takes 
place  in  the  maturation  mitoses,  for  often  a  correct  interpretation 
of  the  prophase  chromosomes  is  followed  by  a  faulty  account  of 
their  actual  division  later.  No  matter  how  accurately  the  proc- 
esses involved  in  the  formation  of  the  tetrads  is  understood, 
there  could  be  no  solution  of  the  problem  of  chromosome  dis- 
tribution in  the  maturation  divisions  so  long  as  the  present  un- 
certainties regarding  their  movements  continue.  I  therefore 
desire,  in  this  paper,  to  discuss  the  actual  movements  of  the 
chromatids,  regarding  it  as  determined  that  in  the  tetrads  we 
have  a  fusion  of  homologous  chromosome  pairs  longitudinally 
divided. 

I  shall  attempt  therefore  a  comparative  presentation  of  the 
conditions  during  these  later  phases  of  the  process,  and  shall 
venture  a  critical  consideration  of  the  papers  of  other  authors 
on  the  same  subject  in  the  hope  that  a  consensus  of  opinion  may 
be  reached.  I  venture  to  hope  also  that  my  long  study  of  this 
subject,  my  extensive  comparative  acquaintance  with  Orthop- 
teran  material  and  the  consistent  results  of  my  students  may  be 
taken  into  consideration  in  judging  my  effort  to  arrive  at  some 
conclusion  in  these  disputed  matters. 


Digitized  by  VjOOQIC 


ORTHOPTERAN  SPERMATOGENESIS  655 

THE    SPERMATOGONIAL    CHROMOSOMES 

a.  Hippiscus  type 

It  is  aside  from  the  purpose  of  the  present  paper  to  enter  far 
into  a  discussion  of  conditions  in  this  generation  of  the  germ  cells. 
In  order  that  the  facts  may  be  before  us  it  will  however  be  neces- 
sary to  state  briefly  what  is  known  about  the  chromosomes  at 
this  time.  For  details  reference  should  be  had  to  Sutton's  ('00) 
paper.  A  polar  mew  of  a  spermatogonial  metaphase  shows  23 
elongated,  rod-shaped  chromosomes,  arranged  radially  about 
the  spindle  axis  with  fiber  attachment  at  the  inner  end  (figs. 
20,  44,  77,  94,  98).  In  the  anaphase  the  chromosomes  separate, 
beginning  at  the  inner  end,  and  move  to  the  poles  of  the  spindle 
as  simple  straight  rods.  Later  they  lie  side  by  side,  approxi- 
mately parallel,  and  become  vesicular,  with  the  chromatin  on  the 
periphery.  During  the  prophase  of  the  succeeding  mitosis  the 
chromatin  contracts  to  the  center  of  each  vesicle  and  the  defini- 
tive chromosomes  of  the  late  prophase  reappear  in  the  same 
relative  positions  they  occupied  in  the  preceding  telophase.  The 
cells  of  one  young  Chortophaga  nymph  showed  an  interesting 
modification  of  this  condition.  The  largest  four  pairs,  instead 
of  being  separate,  were  joined  together  at  their  ends  and  appeared 
in  the  form  of  tetrads  with  the  fiber  attachment  at  the  point  of 
junction  (fig.  94).  In  the  anaphase  each  chromosome  com- 
menced to  divide,  as  usual,  at  this  point  and  in  these  cases  the 
anaphase  chromosomes  were  V-shaped  with  the  apex  (sjmaptic 
end)  directed  towards  the  pole  of  the  spindle.  All  the  cells  of 
this  individual  showed  the  same  conditions. 

6.  Stenobothrus  type 

Exceptions  to  many  general  conditions  are  found  in  the  appear- 
ances presented  by  the  cells  of  Stenobothrus.  This  is  a  genus 
that  has  been  extensively  studied  and,  in  general,  correctly  inter- 
preted. Because  of  its  exceptional  nature  many  generalizations 
based  upon  it  are  wrong.  This  will  appear  clearly  as  the  dis- 
cussion proceeds.    To  avoid  confusion  I  shall,  throughout  this 
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paper,  consider  Stenobothrus  separately  and  it  will  be  excluded 
from  general  statements  except  as  indicated  otherwise. 

The  spermatogonia  of  Stenobothrus  show  two  important  ex- 
ceptions to  the  general  statement  already  made.  These  are  (1) 
the  mmiber  of  chromosomes  is  21  instead  of  23  (17  in  some  species, 
reported  by  others);  (2)  the  point  of  fiber  attachment  may  be 
terminal,  subterminal  or  median  instead  of  always  terminal. 
For  this  latter  reason  the  chromosomes  are  not  alwajrs  rod-shaped 
but  may  also  be  V-shaped  or  J-shaped.  The  •important  thing 
to  note  here  is  that  the  point  of  fiber  attachment  is  a  definite 
part  of  the  organization  of  the  chromosomes  and  is  constant, 
not  only  for  the  cells  of  this  generation  but  also  for  those  of  the 
first  and  second  spermatocyte.  I  have  material  from  only  one 
individual  of  this  species,*  with  21  chromosomes,  and  in  spermat- 
ogonia of  this  there  are  alwaj^s  12  chromosomes  with  terminal 
fiber  attachment  and  9  with  subterminal  and  median.  One  of 
these  with  median  attachment  is  the  accessory  chromosome, 
so  that  there  are  four  pairs  with  non-terminal  fiber  connections. 
The  exact  point  at  which  this  relation  to  the  fibers  is  established 
may  vary  somewhat,  but  as  may  be  seen  in  figures  59,  60,  61  and 
62  it  is  easy  to  distinguish  these  elements  from  the  ones  with 
terminal  attachment.  What  relation  there  may  be  between 
the  difference  in  mmiber  of  chromosomes  and  the  shifting  of  fiber 
attachment  I  do  not  know,  but  the  thought  at  once  suggests 
itself  that  this  may  be  due  to  an  altered  cross  segmentation  of 
a  continuous  spireme  thread  which,  if  there  were  continued 
chromosome  individuality,  would  produce  multiple  chromosomes. 
Whatever  may  be  the  cause  it  is  fortunate  for  our  study  that  it 
operates,  because  it  gives  us  a  variation  from  the  tjrpical  condi- 
tions in  the  group  which  is  very  helpful  in  coming  to  an  under- 
standing of  the  movements  of  the  chromosomes  in  the  maturation 
divisions, 

'  I  am  not  sure  of  the  identification  of  this  material.  It  was  among  a  large 
collection  of  specimens  put  up  for  me  by  a  student  on  an  early  expedition  into 
western  Kansas,  and  the  specimen  from  which  it  came  was  not  preserved.  At 
the  time  I  made  my  first  study  of  it  no  other  form  but  Stenobothrus  had  been  re- 
ported with  such' chromosomes,  but  since  then  I  have  found  them  also  in  Chorthip- 
pus  and  ChloSaltis  and  Miss  Carothers  in  some  species  of  Trimerotropis.  For 
this  reason  I  can  refer  it  to  no  genus  with  certainty. 
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c.  Comparisons 

1.  Acrididae.  The  points  of  interest  for  this  study  regarding 
the  chromosome  condition  in  the  spermatogonia  concern  (1)  the 
niunber  of  chromosomes,  (2)  their  sizes  and  forms,  (3)  the  posi- 
tions of  their  fiber  attaclmients,  (4)  their  arrangement  in  the  meta- 
phase  plate  and  (5)  their  behavior  in  mitosis.  I  will  briefly 
give  the  results  of  other  investigators  and  then  compare  them 
with  my  own. 

Buchner  ('09)  reports  23  chromosomes  in  Oedipoda,  all  rod- 
shaped,  with  terminal  fiber  attachment,  and  arranged  in  the 
tjrpical  way.  He  is  however  imable  to  recognize  homologous 
pairs.  Brunelli  ('10)  in  Tryxalis  finds  23  rod-like,  radially  ar- 
ranged chromosomes  of  various  sizes  with  terminal  fiber  attach- 
ments, but  no  recognizable  pairs.  Davis  ('08),  from  studies  on 
Dissosteira,  Arphia,  Hippiscus,  Chortophaga  and  Melanoplus, 
distinguishes  the  23  tjrpical  chromosomes  showing  the  paired 
condition,  radial  arrangement  and  terminal  fiber  attachment. 
Granata  ('10),  in  Pamphagus,  is  able  to  find  only  19  chromo- 
somes, all  of  which  are  tjrpically  Acridian  in  their  form  and  behav- 
ior. Montgomery  ('05)  is  the  only  investigator  who  reports 
an  even  niunber  of  chromosomes  in  any  member  of  this  family, 
and,  in  addition,  a  variation  of  the  niunber  within  the  genus. 
This  niunber  is  20  or  24  in  Syrbula  acuticomis.  In  other  respects 
Montgomery's  results  are  typical  for  the  Acrididae,  but  the  even 
number  requires  the  accessory  chromosome  to  be  bivalent.  My 
own  students  have  invariably  reached  the  same  general  conclu- 
sions regarding  the  nature  and  behavior  of  the  spermatogonial 
chromosomes.  Thus,  Carothers  in  Arphia,  Brachystola  and 
Trimerotropis;  HartmaninSchistocerca;  Nowlin  in  Melanoplus; 
Pinney  in  Phrynotettix;  Sutton  in  Brachystola  and  Wenrich 
in  Phrynotettix  find  tjrpical  Acridian  conditions  throughout. 
Robertson  ('08)  also,  in  Syrbula  admirabilis,  after  a  very  careful, 
study,  is  quite  unable  to  agree  with  Montgomery  regarding  th& 
number  of  chromosomes  and  the  paired  condition  of  the  accessory 
chromosome,  and  finds  the  chromosome  behavior  in  this  genus 
#  tjrpical  of  the  group. 
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The  conditions  in  Stenobothrus  have  been  reported  with  much 
uniformity  by  Davis  ('08),  Gerard  ('09),  Meek  ('12)  and  de  Sin6ty 
('01).  Davis  and  Meek  find  definitely  17  chromosomes  and 
Gerard  suggests  the  same  as  his  best  emmieration.  De  Sin^ty 
does  not  give  definite  evidence  on  this  point.  According  to 
Davis  the  largest  3  pairs  are  bent  rods  and  have  non-terminal 
fiber  attachments  at  the  points  of  curvature;  the  remaining  5 
pairs  are  normal  rod-shaped  elements  with  terminal  attachments. 
In  these  matters  Meek  agrees,  and,  while  the  descriptions  of  Gerard 
and  de  Sin6ty  are  not  definite  and  specific,  their  general  statements 
and  figures  substantiate  Davis'  findings.  The  accessory  chromo- 
some is  not  unusual  in  its  behavior. 

My  own  studies  have  extended  over  more  than  forty  genera 
of  Acrididae  as  follows:  .  Acrolophitus,  Aeoloplus,  Amphitomus, 
Arphia,  Aulocara,  Boopedon,  Brachystola,  Canmula,  Chlogaltis, 
Clinocephalus,  Dactylotum,  Dissosteira,  Encoptolophus,  Erem- 
nus,  Hadrotettix,  Hesperotettix,  Hippiscus,  Mecostethus,  Melan- 
oplus,  Mermiria,  Mestobregma,  Orphulella,  Paroxya,  Philbos- 
troma,  Phrjmotettix,  Phaetaliotes,  Proracorypha,  Pseudopomala, 
Psinidia,  Rhomaleum,  Schistocerca,  Scirtettica,  Spharagemon, 
Stenobothrus,  Syrbula,  Trimerotropis,  Tropidolophus,  Tryxalis, 
In  all  these  the  same  conditions  were  found  as  have  been  de- 
scribed for  Hippiscus  regarding  the  number  of  chromosomes, 
their  sizes  and  forms,  the  attachment  of  the  fibers,  arrangement 
in  the  metaphase  and  behavior  during  division,  with  the  exception 
of  Stenobothrus,  Chorthippus,  Mermiria,  Hesperotettix,  Chloealtis, 
some  species  of  Trimerotropis  and,  occasionally,  Chortophaga. 
In  Stenobothrus  there  is  the  same  apparent  difference  in  number, 
shifting  of  fiber  attachment  in  certain  chromosomes  and  differ- 
ence in  form  and  behavior  in  these  elements  as  have  been  de- 
scribed by  other  investigators.  Hesperotettix  and  Mermiria  have 
the  association  between  the  accessory  chromosome  and  certain 
of  the  euchromosomes  that  I  have  elsewhere  described  ('05) 
which  produces  an  apparent  change  in  the  behavior  of  the  com- 
plex, while  a  certain  individual  of  Chortophaga  in  the  early  nymph 
condition  showed  a  spermatogonial  synapsis  of  4  pairs  of  chromo- 
somes. 
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It  would  seem  very  evident  therefore  that  m  the  spermatogonia 
of  the  Acrididae  we  are  deaUng  with  a  chromosome  complex 
of  a  very  definite  and  precise  organization  which,  in  the  great 
majority  of  cases,  presents  itself  without  essential  variation  in 
mmiber,  size  and  form,  fiber  attachment,  arrangement  in  the 
metaphase  and  behavior  during  division  of  its  elements.  Steno- 
bothrus  and  Pamphagus  seem  to  be  definite  exceptions  in  some 
of  these  respects,  but  doubtless  were  we  more  familiar  with  all 
the  facts  in  the  case  a  larger  harmony  would  become  manifest. 

S.  Locustidae.  I  desire  to  consider  with  much  detail  only  the 
conditions  in  the  Acrididae,  but  since  exceptions  to  the  general 
behavior  of  the  chromosomes  in  the  Orthoptera  have  been  taken 
from  studies  on  other  famiUes  I  shall  be  obUged  to  give  them 
consideration.  This  I  shall  do  as  briefly  as  possible,  going  into 
details  only  when  it  is  necessary. 

My  own  work  began  on  the  Locustidae  and  I  made  a  com- 
parative study  of  Xiphidium,  Anabrus,  Orchesticus,  Scudderia, 
Conocephalus  and  some  others  which  I  did  not  identify.  So 
far  as  I  was  able  to  go  at  the  time  there  seemed  to  be  a  uniformity 
here  also,  but  of  a  somewhat  different  order.  Instead  of  23 
chromosomes  there  appeared  33  and  the  accessory  chromosome 
was  very  large  and  conspicuous.  The  chromosomes  were  rod- 
shaped,  arranged  radially  in  the  metaphase  with  terminal  fiber 
attachments,  and  they  divided  regularly  into  two  equivalent 
straight  rods  by  a  cleft  extending  from  the  center  outward  in 
the  plane  of  the  'equatorial  plate — all  tecept  one  chromosome 
in  Anabrus  which  at  the  time  I  could  not  explain,  but  later  recog- 
nized as  a  multiple.  None  of  my  students  have  worked  on  this 
family  but  other  investigators  have,  and  the  result  has  been  less 
imiformity  in  chromosome  niunbers  than  in  the  Acrididae  but  in 
other  respects  no  essential  differences.  Thus  Stevens  ('05) 
reported  46  chromosomes  in  Stenopelmatus,  but  later  recognized 
this  as  an  error  and  gave  the  correct  count  as  47.  In  Ceuthophilus 
('12)  she  found  37  chromosomes  but  in  both  cases  no  exceptional 
behavior.  Davis  ('08)  and  Meek  ('12  a)  in  Steiroxys  agree  on 
29  as  the  number  present  with  no  atypical  behavior.  De  Sin6ty 
('01)  studied  Decticus,  Platycleis  and  Orphania  but  gives  the 
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chromosome  nimiber  for  only  the  latter  where  he  foimd  31.  Buch- 
ner  ('09)  however  also  gives  31  for  Decticus,  while  Vejdovsky 
('12)  reports  but  23  for  the  same  species.  Taking  these  results 
at  their  face  value  it  is  evident  that  in  the  Locustidae  there  is  an 
unequal  diploid  chromosome  group  with  an  unpaired  accessory 
chromosome  and  all  the  other  characters  that  have  been  considered 
in  connection  with  the  Acrididae. 

S.  GryUidae.  Careful  detailed  studies  of  the  chromosome  rela- 
tions in  the  Gryllidae  are  few.  Baimigartner  ('04)  reports  29 
chromosomes  in  Gryllus  assimilis  and  21  in  G.  domesticus.  This 
latter  number  was  also  found  in  the  same  species  by  Gutherz 
('07)  and  in  G.  desertus  by  Brunelli  ('09).  Buchner  ('09)  and 
Voinov  ('04)  have  both  studied  G.  campestris  but  without  giving 
any  results  of  value  on  chromosome  relations.  Gryllotalpa  has 
been  studied  by  Buchner,  Payne,  vom  Rath  and  Voinov.  Vom 
Rath  ('91)  reported  at  length  on  the  spermatogonia  of  this  ani- 
mal and  his  figures  were  widely  copied,  but  it  is  very  evident  that 
he  was  fundamentally  in  error  regarding  the  most  essential  part 
of  his  work.  He  announces  12  as  the  diploid  chromosome  num- 
ber but  the  internal  evidence  and  the  results  of  other  investiga- 
tors show  that  this  is  really  the  haploid  condition. 

4.  Phasmidae.  Studies  on  the  Phasmidae  are  not  numerous. 
Practically  the  only  ones  from  a  modem  standpoint  are  those  of 
de  Sin6ty  and  Jordan  and  in  the  former  case  the  work  is  lacking 
in  needed  detail.  De  Sin6ty  finds  36  chromosomes  in  Leptynia 
with  a  tjrpical  accessory  chromosome  joined  to  a  tetrad  in  the 
spermatocyte.  If  this  be  counted  a  separate  chromosome  for 
each  univalent  part  there  is  an  odd  number.  Jordan  ('08)  seems 
to  determine  definitely  the  number  35  in  Aplopus.  Since  de 
Sin6ty's  enumerations  are  evidently  not  made  with  great  care  it 
is  possible  that  in  Leptjrnia  the  same  number  is  present.  Dixip- 
pus  and  Menexenus  were  also  studied  by  the  French  investigator 
but  no  chromosome  counts  are  given. 

5.  Blattidae.  Of  the  cursorial  Orthoptera  the  Blattidae  have 
been  most  studied.  Morse  ('09)  investigated  four  genera  and 
found  in  Blatta,  Leucophaea  and  Stylopyga  a  diploid  group  of 
23  paired  elements  of  typical  Orthopteran  behavior,  while  in  Peri- 
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planeta  there  were  33.  Blatta  has  also  been  studied  by  Stevens 
('05)  and  Wassilieff  ('07)  with  the  same  numerical  results. 
Fanner  and  Moore  ('05)  report  32  chrt)mosomes  for  Periplaneta 
plus  a  conspicuous  nucleolus  which  the  authors  believe  is  lost 
during  each  mitosis.  The  work  of  the  other  students  of  the 
Blattidae  makes  it  certain  however  that  the  English  investi- 
gators incorrectly  interpreted  the  behavior  of  the  accessory 
chromosome  which  is  characteristically*  Orthopteran  in  this 
family. 

6.  Forficulidae.  The  Forficulidae,  taxonomically,  are  not  now 
regarded  as  a  family  of  the  Orthoptera  and  their  germ  cells  show 
a  characteristic  difference  in  the  nature  of  the  accessory  chromo- 
some. According  to  Randolph  ('08)  in  Anisolabis;  and  Stevens, 
de  Sin6ty,  Zweiger,  and  possibly  St.  George,  in  Forficula,  there  is 
an  even  nmnber  of  chromosomes,  24,  in  the  spermatogonia.  Of 
these,  according  to  Stevens,  one  pair  constitutes  an  unequal 
tetrad  in  the  first  spermatoc3rte  and  has  all  the  characters  of  an 
idiochromosome  pair  of  the  Hemiptera  and  Coleoptera. 

d.  Summary  of  results  on  spermatogonia  of  Orthoptera 

From  the  foregoing  statements  I  believe  the  following  conclu- 
sions are  justified:  (1)  The  diploid  number  of  chromosomes  in 
the  Orthopteran  male  is  uneven;  (2)  The  diploid  complex  in 
each  case  may  be  resolved  into  a  duplicate  series  characterized 
by  differences  in  relative  size;  (3)  an  odd  element,  sometimes 
distinguishable  by  excessive  size,  may  not  thus  be  grouped  with 
a  mate  and  is  further  marked  by  occasional  pecuUarities  of  behav- 
ior; (4)  the  typical  form  of  the  spermatogonial  chromosome  is  a 
rod  which  takes  a  radial  position  in  the  equatorial  plate  of  the 
metaphase  with  the  fiber  attached  at  the  inner  end;  (5)  in  divi- 
sion the  longitudinal  halves  of  the  chromosome  separate  in  the 
plane  of  the  equatorial  plate,  beginning  at  the  inner  end,  and 
pass  to  the  pole  as  straight  rods;  (6)  an  exception  to  (4)  and  (5) 
is  fximished  by  certain  chromosomes  of  Stenobothrus,  Chorthip- 
pus,  Chloealtis  and  Trimerotropis  which  are  J-  or  V-shaped  with 
the  fiber  attachment  at  the  bend. 
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SYNAPSIS    PERIOD 

As  has  already  been  stated,  we  have  no  exact  knowledge  of 
the  changes  taking  place  at  this  time.  Their  significance  is  un- 
questionably great,  and  no  pains  should  be  spared  to  determine 
their  character  fully.  But  even  were  they  completely  understood 
we  should  still  be  lacking  a  continuous  picture  of  well  defined, 
individual  chromosom.es  throughout  their  entire  history  for, 
succeeding  the  synaptic  phase,  comes  a  period  when  the  chromo- 
somes become  very  diffuse  and  their  outlines  with  difficulty 
distinguishable.  We  may  not  therefore  hope  to  be  able  to  recog- 
nize the  chromosomes  in  a  compact  and  sharply  defined  form 
through  the  various  stages  of  their  development.  That  they 
are  however  morphologically  continuous  seems  to  me  unques- 
tionably evidenced  by  the  fact  that,  succeeding  all  these  involved 
and  complicated  changes,  there  is  finally  a  reappearance  of  the 
same  series  of  elements  in  the  same  cell,  with  the  one  difference 
that  instead  of  twenty-three  single  chromosomes  in  the  Acrididae 
there  are  now  eleven  pairs,  plus  one  chromosome  that  continues 
on  unchanged.  I  believe,  therefore,  that  we  have  every  reason 
to  consider  that  in  the  prophase  of  the  first  spermatocyte  we  are 
dealing  with  the  same  chromosomes  that  came  into  the  cell  when 
it  was  produced  by  the  division  of  the  last  spermatogonium. 
Whether  union  was  made  side  by  side  or  end  to  end  in  the 
synaptic  period  has  not  been  determined,  but  it  is  very  clear 
that  in  the  last  prophase  the  chromosomes  show  undoubted 
telosynapsis. 

CHROMOSOMES  OF  THE  FIRST  SPERMATOCYTE  PROPHASE 

a.  Evidence  for  chromosome  individuality 

Fundamental  to  the  entire  conception  of  chronaosome  relations 
is  the  belief  that  we  are  dealing  with  persistent  morphological 
entities.  If  this  be  not  true  then  the  whole  question  of  the  con- 
stitution of  the  chromosomes  and  the  method  of  their  division 
is  of  no  theoretical  importance.  That  they  are  of  this  definite  and 
significant  character  is  however  evidenced  in  many  ways.     In 
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a  later  paper  I  hope  to  enter  into  this  matter  more  fully,  but  for 
the  present  I  will  merely  indicate  the  facts  relating  to  Orthop- 
teran  spermatogenesis  which  support  this  view. 

(1)  There  is  the  fact  of  greatest  significance  that  in  each  cell 
division  they  perpetuate  themselves,  and  by  a  process  suggestive 
of  the  utmost  accuracy  and  importance.  The  means  for  conserv- 
ing the  continuity  of  each  chromosome  is  therefore  clear.  (2) 
The  result  of  the  operation  of  this  process  is  demonstrated  by  the 
observation  that  not  only  does  the  individual  animal  show  in 
each  of  its  cells  the  same  series  of  elements  but  all  the  members 
of  the  species,  genus  and  even  family,  with  few  exceptions,  have 
it.  The  observed  process  and  the  results  of  its  operation  through 
countless  cell  generations  is  thus  demonstrated.  Accordingly, 
any  one  chromosome  has  the  form,  size  and  behavior  which 
characterize  it  for  the  reason  that  it  is  the  direct  material 
descendent  of  a  line,  each  member  of  which  possessed  these  same 
characteristics. 

It  ought  not  to  be  necessary,  in  writing  for  biological  readers, 
to  say  that  in  making  such  a  statement  I  do  not  in  any  sense 
impute  omnipotence,  omniscience  or  immutability  to  the  chromo- 
somes. But  the  absurd  lengths  to  which  some  opponents  of 
chromosome  investigations  have  gone  in  attempting  to  break 
down  the  facts  regarding  them  perhaps  make  it  desirable  for  me 
to  add  that  I  have  always  considered  the  chromosomes  as  a,  part 
of  the  organic  mechanism,  reacting  to  each  other  and  to  their 
environment,  as  all  living  substance  must  do  in  order  to  exist. 
They  neither  make  the  organism  nor  are  they  made  by  it,  but 
they  do  perpetuate  themselves  and  perform  functions  of  vital 
importance  to  each  cell  and  to  the  entire  organism.  My  position 
in  this  matter  is  more  fully  outlined  in  a  former  paper  ('08). 

In  addition  to  these  two  facts  regarding  the  reproduction  of  the 
chromosomes  there  are  others  which  speak  strongly  for  their 
individuality.  These  concern  questions  of  organization  and 
behavior  and  will  be  referred  to  more  at  length  throughout  the 
paper.  At  this  point  I  will  briefly  mention  them:  (3)  Constancy 
in  relation  to  the  spindle  fibers.    In  almost  every  case  the  attach- 


Digitized  by  VjOOQIC 


664  C.   E.   McCLUNG 

ment  in  the  spermatogonia  is  at  the  end  of  the  chromosome  and 
when  they  join  in  pairs  these  ends  are  in  contact,  so  that  in  the 
first  spermatocyte  the  tetrads  have  the  form  of  V's  with  the 
same  orientation  to  the  spindle  as  in  the  previous  generation 
(figs.  32-58).  In  Stenobothrus  however  there  are  median  and 
subterminal  attachments  and  these  are  the  same  in  both  generoMons 
of  spermatoq/tes  as  in  the  spermatogonia  (figs.  59-76). 

(4)  Occasionally  there  are  peculiarities  of  behavior  which  are 
constant  and  imif  orm.  In  Hesperotettix  there  is  a  miion  between 
the  accessory  chromosome  and  one  of  the  tetrads.  The  members 
of  this  combination  are  always  identical  and  their  miion  never 
fails.  Moreover  in  different  species  the  proportionate  size  of 
the  parts  varies  in  comformity  with  the  structure  of  the  body. 
Thus  figure  79  shows  the  condition  in  H.  speciosus,  figure  80  in 
H.  viridis  and  figure  81  in  H.  pratensis.  In  Brachystola,  as  Miss 
Carothers  has  discovered,  there  is  a  pair,  the  members  of  which 
are  unequal,  and  this  is  a  constant  condition  accompanying  their 
separation  in  the  first  spermatocyte.  In  Phrynotettix  Mr.  D.  H. 
Wenrich  has  found  an  unequal  pair  also,  one  member  of  which 
is  distinguishable  from  the  other  by  its  granular  condition  in 
the  metaphase.  In  this  case  however  the  reduction  division 
occurs  in  the  second  spermatocyte.  This  element  in  the  first 
spermatocyte  is  shown  in  figures  88  to  91  and  will  be  described 
in  detail  by  Mr.  Wenrich. 

Supporting  in  every  way  these  observations  upon  Orthopteran 
cells  is  the  consistent  background  of  similar  facts  in  other  groups 
of  animal  and  plants  and  the  significant  parallel  between  their 
behavior  and  character  development  in  breeding  experiments. 
The  persistence  of  individual  chromosomes  in  multiple  complexes 
of  giant  cells  and  heterospermized  eggs  is  conclusive  evidence  of 
their  real  individuaUty  and  continuity.  There  are  many  other 
facts  of  this  character  to  demonstrate  the  individuality  and  mor- 
phological continuity  of  the  chromosome,  but  for  the  present 
purpose  these  ^yill  serve  to  show  the  foundation  for  my  beUef 
regarding  them. 
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6.  Relation  of  first  spermatocyte  chromosomes  to  those  of  the 
spermatogonium 

0 

(1)  If  then  we  are  dealing  with  a  morphologically  continuous 
series  we  must  recognize  in  the  twelve  chromosomes  of  the  first 
spermatocyte  the  twenty-three  chromosomes  of  the  last  spermato- 
gonial  division.  Regarding  one  of  these,  the  accessory  chromo- 
some, there  can  be  no  question.  After  the  last  spermatogonial 
division  it  removes  itself  from  the  others,  often  into  a  separate 
vesicle,  and,  during  all  the  complicated  changes  of  the  synaptic 
period,  may  be  recognized  as  a  separate  and  distinct  structure. 
It  does  not  divide  in  the  first  spermatocyte  but,  in  the  form  char- 
acterizing it  in  the  spermatogonial  metaphase,  it  passes  to  one 
pole  of  the  spindle  and  is  included  in  but  one  of  the  two  daughter 
cells  (figs.  36  and  45).  In  the  second  spermatocyte,  showing  the 
same  form  as  in  the  two  preceding  generations,  it  takes  its  place 
in  the  equatorial  plate  and  is  divided  like  its  fellows.  In  this 
one  case  the  chromosome  may  be  traced  with  little  change  through 
the  whole  of  this  period. 

(2)  There  remain  to  be  considered  the  twenty-two  other 
chromosomes.  It  may  be  seen  in  the  spermatogonial  metaphase 
that  these  are  not  of  the  same  size  but  form  a  series,  the  largest 
of  which  is  many  times  the  length  of  the  smallest.  When  these 
are  studied  carefully  it  is  found  that  for  each  size  there  are  two 
representatives  (figs.  44  and  98).  In  the  first  spermatocyte 
there  are  eleven  chromosomes,  each  composed  of  two  approxi- 
mately equal  halves,  the  point  of  contact  being  in  the  middle  of 
the  length  of  the  elongated  rod.  If  the  chromosomes  are  mor- 
phologically continuous  there  is  no  other  conclusion  possible 
than  that  we  have  here  the  twenty-two  spermatogonial  chromo- 
somes united  into  eleven  pairs.  Still  more  conclusive  on  this 
point  are  the  conditions  in  Stenobothrus  where  not  only  the 
duplicate  series  of  chromosome  sizes  appears,  but  where,  because 
of  variations  in  fiber  attachment,  there  is  found  a  similar  dupU- 
cation  according  to  form. 

It  is  probably  true  that  until  the  relations  of  the  chromosomes 
during  the  synaptic  phase  are  definitely  determined  it  will  not 
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be  possible  to  assert  unequivocally  that  the  longitudinal  axes 
of  the  paired  chromosomes  of  the  first  spermatoc3rte  represents 
the  coiircident  axes  of  the  spermatogonial  chromosomes  consti- 
tuting it,  for  if  there  be  a  parasynapsis  at  any  period  there  is  a 
possibiUty  that  the  doubly  spUt  thread  may  open  out  along  the 
plane  of  the  equational  cleavage  instead  of  along  the  space  be- 
tween chromosomes.  In  either  event  the  form  of  the  resulting 
chromosome  would  be  the  same.  There  are  however  some  cri- 
teria for  judging  such  relations  and  these,  taken  in  consideration 
with  the  movements  of  the  chromosomes  in  the  spermatogonial 
divisions,  make  it  appear  highly  probable  that  the  evident  telo- 
synapsis  of  the  late  prophase  actually  exists  as  such. 

Two  observations  strongly  support  this  conclusion.  There 
is  first  the  case  of  the  unequal  tetrad,  where  two  spermatogonial 
chromosomes  of  unlike  size  are  joined  together  end  to  end.  If 
the  chromosomes  are  persistent  individuals  there  can  be  no  ques- 
tioning this  relation.  Again,  in  the  multiple  chromosome,  we 
have  estabUshed  the  coincidence  of  the  longitudinal  cleft  of  the 
accessory  chromosome  with  that  of  the  tetrad  to  which  it  is  joined. 
Because  the  accessory  chromosome  is  a  simple  spermatogonial 
element  its  plane  of  cleavage  is  determined  beyond  doubt,  and 
since  in  the  spermatogonia  it  is  joined  end  to  end  with  one-half 
of  the  tetrad,  the  latter's  cleft  is  identified.  The  remaining  mem- 
ber must,  of  necessity,  be  joined  by  its  end  to  its  mate  and  so 
continue  its  division  plane  with  that  of  the  other  members  of 
the  multiple.  An  additional,  though  less  obvious  piece  of  evi- 
dence, is  furnished  by  a  comparison  between  the  chromosomes, 
especially  the  annular  ones,  of  Hippiscus  and  Stenobothrus.  It 
seems  evident  that  there  are  here  two  tjrpes  of  division  for  cer- 
tain chromosomes,  provided  the  earher  history  of  each  is  the 
same.  All  the  structural  relations  are  similar  in  these  two  cases 
except  the  position  of  the  fiber  attachment  and  it  is  diflScult  to 
believe  that  their  early  history  is  different.  If  they  are  similarly 
constituted  then  the  presimiption  is  strong  that  those  which  lie 
with  their  length  in  the  equatorial  plate  of  the  first  spermatoc3rte 
are  divided  along  their  longitudinal  cleft  while  those  placed  in 
the  axis  of  the  spindle  with  fiber  attachment  midway  between 
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the  ends  of  the  univalent  components  would  then  suffer  a  reduc- 
tion division. 

To  this  comparatively  direct  observational  evidence  must  be 
added  the  strong  presimiptive  proof  that  the  sister  halves  of  a 
chromosome  remain  closely  united  here  as  in  other  generations 
of  cells,  and  that  separation  between  the  parts  of  a  tetrad  is  much 
more  likely  to  occur  along  spaces  between  whole  chromosomes. 
If  this  were  not  true,  and  if  the  annular  space  of  the  ring  chromo- 
some and  the  angle  of  the  V-shaped  elements  should  be  the  longi- 
tudinal cleft,  then  there  exists  a  fundamental  alteration  in  the 
composition  of  the  chromosome  and  a  wide  diversity  in  the  behav- 
ior of  daughter  chromatids  not  only  in  different  species  but  also 
in  the  cells  of  one  organism.  From  all  these  considerations  it 
therefore  appears  highly  probable  that  the  rod-shaped  tetrad  of 
the  late  prophase  and  metaphase  of  the  first  spermatoc3rte  repre- 
sents two  spermatogonial  chromosomes  joined  end  to  end  with  their 
longitudinal  clefts  continuous.  We  have  therefore  to  determine 
the  relations  of  the  various  forms  of  the  first  spermatocyte  pro- 
phase chromosomes  to  this  typical  element,  and  then  to  trace  these 
into  the  metaphase  of  this  division,  and  through  the  anaphase, 
in  order  to  establish  the  fate  of  the  parts  of  the  tetrads. 

c.  Forma  of  prophase  tetrads 

There  is  apparently  a  great  diversity  of  form  in  the  prophase 
chromosomes,  but  while  this  is  true,  so  far  as  external  configura- 
tion is  concerned,  in  the  fundamental  matter  of  organization  the 
rule  is  imiformity.  In  discussing  this  organization  certain  ele- 
ments and  relations  must  be  regarded.  They  may  be  summarized 
as  follows:  mmiber  of  parts — four  chromatids;  relationship  of 
parts — one  pair  of  maternal,  one  pair  of  paternal  chromatids,  each 
pair  produced  by  the  longitudinal  division  pf  a  mother  chromo- 
some, all  four  homologous;  spatial  relation  of  parts — daughter 
chromatids  more  or  less  in  contact  along  the  plane  by  which  they 
were  produced  from  the  mother  element,  homologous  chroma- 
tids miited  endwise;  attachment  of  spindle  fiber — at  the  same 
point  as  in  previous  generations,  as  a  rule  at  the  point  where 
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homologous  chromosomes  are  joined  together,  but  occasionally 
at  the  opposite  end  or  between  the  extremities.  All  the  features 
enumerated  are  constants  except  the  one  involving  the  spatial 
relations,  and  to  the  variations  here  occurring  are  due  the  diverse 
forms  of  chromosomes  found  in  the  first  spermatocyte.  The 
problem  is  therefore  to  determine  how  it  is  possible  to  derive  from 
a  chromosome  consisting  of  four  similar  chromatids,  with  con- 
stant and  imiform  fiber  insertion,  the  various  rods,  rings,  crosses, 
V's,  double  V's,  K's,  X's,  U's,  Ts,  8's,  and  other  less  common 
forms,  without  alteration  of  structure  and  merely  by  change  of 
the  spatial  relations  of  the  four  elements. 

A  written  description  of  these  permutations  is  not  easy,  but 
it  is  a  very  simple  matter  with  a  clay  model  to  produce  every 
form  to  be  found  merely  by  changing  the  relative  positions  of 
its  four  parts.  These  changes  fall  into  three  general  types  of 
movement:  (1)  flexures  in  the  plane  of  the  longitudinal  cleft, 
(2)  movements  of  the  chromatids  in  a  plane  normal  to  that  of 
the  longitudinal  cleft,  (3)  divergence  of  the  four  chromatids  at 
the  center  while  the  ends  remain  in  contact.  In  addition  to 
these  simple  movements  there  are  (a)  combinations  of  these  and 
(b)  rearrangements  of  the  four  chromatids  resulting  in  various 
compUcated  forms.  As  mitosis  proceeds  these  combinations, 
especially  of  the  first  (a)  kind,  become  more  common  and  in  the 
metaphase  and  anaphase,  the  rule.  The  point  at  which  move- 
ment occurs  in  classes  (1)  and  (2)  is  at  the  center  of  the  rod  where 
homologous  chromosomes  are  joined  together,  and  this  fact  can- 
not be  devoid  of  significance. 

The  simplest  relations  are  those  found  in  the  rod-shaped 
chromosome  where  the  four  parts  lie  extended  along  one  axis. 
These  I-shaped  tetrads  are  commonly  the  smaller  ones  of  the 
complex  and  do  not  often  occur  without  some  enlargement  at 
their  middle  where  the  homologous  chromosomes  are  fused.  They 
represent  the  final  step  in  the  divergence  of  the  joined  parental 
chromosomes  which,  if  there  be  an  earlier  parasjmapsis,  finds  its 
opposite  in  the  side  to  side  position  of  these  units  (fig.   117). 

Related  to  this  simple  form  are  those  of  the  first  category  pro- 
duced by  flexure  in  the  plane  of  the  longitudinal  cleft,  and  which 


Digitized  by  VjOOQIC 


ORTHOPTERAN  SPERMATOGENESIS  669 

may  be  grouped  into  those  having  free  ends  and  into  those  with 
the  ends  joined.  In  most  species  the  majority  of  the  chromo- 
somes belong  to  the  first  of  these  tjrpes,  but  in  some  cases  more 
of  them  are  joined  terminally.  With  but  few  exceptions  the 
members  of  any  complex  will  be  found  included  in  these  two  cate- 
gories of  the  first  group.  As  a  result  of  these  flexures  the  chromo- 
somes have  the  form  of  V's,  U's,  incomplete  rings  and  complete 
rings.  There  is  no  essential  difference  between  the  V-shaped 
chromosome  and  the  annular  form  except  the  extent  to  which 
the  bending  has*  taken  place,  or,  if  there  was  a  previous  parasyn- 
apsis,  the  degree  of  separation  of  the  ends.  Movement  of  the 
chromatids  in  a  plane  normal  to  the  plane  of  the  longitudinal 
cleft  results  in  the  formation  of  various  cruciform  tetrads.  These 
changes  are  likely  to  occur  in  the  smaller  members  of  the  com- 
plex and  result  in  the  gradual  separation  of  daughter  chromatids 
and  the  approximation  of  homologous  derivatives.  If  carried 
to  the  extreme  the  final  result  is  the  production  of  the  same 
I-shaped  chromosome  as  that  present  at  the  beginning  of  the 
process  but  with  a  transposition  of  the  two  axes,  the  shorter, 
transverse  one  coinciding  with  the  original  longitudinal  cleft 
of  the  two  homologous  chromosomes. 

Commonly  there  are  flexures  of  the  longer  arms  of  the  cross 
producing  a  variety  of  forms  depending  in  part  upon  the  point  of 
view.  When  placed  obliquely  the  cross  may  appear  X-  or  K- 
shaped.  Divergence  of  the  four  chromatids,  except  at  the  ends, 
constituting  the  third  class  of  movements,  produces  the  double 
V-shaped  element  which  appears  imder  a  variety  of  forms  when 
viewed  from  different  angles.  One  of  the  included  spaces  repre- 
sents the  longitudinal  cleft  of  the  homologous  chromosomes,  now 
bent  at  an  acute  angle  to  each  other;  the  remaining  one,  lying  in 
a  plane  at  right  angles  to  the  first,  is  the  space  between  the  ho- 
mologous conjugants.  It  seems  impossible  to  distinguish  these 
apart  in  most  cases.  Such  a  separation  of  the  chromatids  is  only 
temporary  and  a  double-V  chromosome  is  never  seen  in  the  meta- 
phase.  All  the  tetrad  forms  are  most  clearly  differentiated  in 
the  late  prophase,  just  before  going  over  into  the  homogeneous 
condition  of  the  metaphase,  for  at  this  time  there  is  less  of  irregu- 
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larity  in  direction  and  contour  of  the  parts.  Nevertheless  the 
various  forms  of  this  late  period  may  be  traced  back  by  gradual 
steps  into  the  earliest  stages  of  the  prophase  where  all  the  chroma- 
tin elements  are  in  the  form  of  very  elongated,  delicate  threads 
such  as  are  shown  in  figures  99,  101  and  105.  These  stages  are 
best  seen  in  smear  preparations  in  which  the  nuclear  elem^its 
are  more  isolated  and  where  their  parts  are  more  distinct.  There 
can  be  no  doubt  of  the  composition  and  movements  of  these 
tetrads  and  the  only  uncertainty  relates  to  the  early  stages  where, 
for  a  time,  it  is  impossible  to  trace  the  individual  chromatids. 
Whether  telosynapsis  alone,  or  parasynapsis  in  connection  with  it, 
is  the  history  of  chromosome  association  has  not  yet  been  defi- 
nitely determined,  but  however  this  may  be,  it  is  certain  that  the 
four  parts  of  each  chromosome  are  derived  by  the  longitudinal 
splitting  of  two  homologous  spermatogonia!  chromosomes. 

CHROMOSOMES  OF  FIRST  SPERMATOCYTE  METAPHASE 

a.  Identification  of  first  spermatocyte  metaphase  chromosomes  ivith 
those  of  the  prophase 

At  the  end  of  the  prophase  the  forms  of  the  chromosomes  have 
been  established  and,  upon  the  dissolution  of  the  karyotheca,  they 
lose  their  granular  character  and  become  homogeneous.  Aside 
from  this  they  suffer  no  important  change  and  all  the  forms  seen 
in  the  prophase,  with  the  exception  of  those  resulting  from  wide 
separation  of  the  chromatids  at  the  middle  of  the  tetrad,  may  be 
traced  into  the  equatorial  plate.  Since  however  there  have  been 
extensive  and  continued  movements  of  the  chromatids  with  rela- 
tion to  each  other,  it  is  only  reasonable  to  expect  their  continuance 
during  the  metaphase,  and  this,  in  fact,  occurs.  Regarding 
however  the  late  prophase  and  early  metaphase  it  may  be  stated 
that  the  chromosome  forms  of  the  early  condition  may  be  traced 
directly  into  the  later,  and  what  changes  there  are  may  be  ascribed 
to  a  continuation  of  processes  already  in  operation.  It  is  essen- 
tial to  note  this,  for  by  some  the  bipolar  condition  of  the  cell  is 
considered  to  inaugurate  entirely  new  conditions  and  the  separa- 
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tion  of  the  chromatids  to  follow  from  these  changed  circmnstances. 
While  there  may  be  a  period  of  equilibrium  established  at  the 
metaphase  the  character  of  the  chromosomal  movements  does 
not  materially  alter. 

6.  Movements  of  chromatids  in  metaphase 

The  metaphase  movements  of  the  chromosomes  have  given 
rise  to  the  most  contradictory  accoimts,  due  often  to  the  lack  of  an 
exact  acquaintance  with  the  real  structure  of  the  tetrads,  but 
more  frequently  to  erroneous  interpretation  of  the  optical  images 
produced  by  thp  homogeneous  and  more  or. less  translucent 
chromosomes.  I  shall  therefore  first  consider  the  various  forms 
of  chromosomes,  the  movements  of  their  chromatids,  their  rela- 
tion to  the  spindle  fibers,  and  will  then  attempt  an  interpretation 
of  the  accounts  given  by  other  investigators. 

The  simple,  unaltered,  rod-shaped  form  is  rarely  seen  in  the 
metaphase  for  the  reason  that,  as  the  chromosomes  take  their 
position  in  the  equatorial  plate,  the  points  to  which  the  fibers 
attach  approach  nearer  the  center,  leaving  the  free  ends  to  be 
drawn  closer  together  at  the  periphery  of  the  cell,  as  is  shown  typi- 
cally in  figures  2,  33,  46  and  92.  While  the  statement  is  true 
regarding  the  infrequency  of  this  form  of  chromosome  viewed 
from  the  pole  of  the  spindle  in  early  metaphase,  the  opposite  is 
the  fact  when  chromosomes  are  regarded  laterally  in  late  meta- 
phase or  early  anaphase.  Under  these  conditions  practically  all 
the  elements  of  the  equatorial  plate  are  long,  rod-shaped  chromo- 
somes extended  in  the  axis  of  the  spindle.  No  matter  what  may 
have  been  the  shapes  of  the  chromosomes  at  the  beginning  of 
the  metaphase  they  all  are  drawn  out  into  rods  just  before  they 
separate  on  their  way  to  the  opposite  poles  of  the  spindle.  Lateral 
views  of  these  conditions  are  represented  in  figures  8,'  9,  10,  78, 
96  and  97  where  the  complexes  are  extended  in  a  line.  That  the 
same  chromosome  of  two  complexes  may  show  itself  lying  in  the 
equatorial  plate  in  one  and  elongated  at  right  angles  to  this  posi- 
tion in  the  other  may  be  seen  by  comparison  of  these  groups. 
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While  therefore  the  unmodified  rod  lying  in  the  equatorial 
plate  is  rare,  the  form  produced  by  bending  in  the  plane  of  the 
longitudinal  cleft  to  form  V's  and  U's  is  very  common.  In 
Mecostethus,  as  may  be  seen  by  inspection  of  figures  32  to  34, 
37,  41  to  44  and  46,  practically  all  of  the  long,  slender  chromo- 
somes are  V-  or  U-shaped  except  such  as  extend  across  the  plate, 
in  which  case  they  are  more  or  less  straight,  simple  rods.  It 
is  rare  to  find  so  much  imiformity  of  shape  as  appears  in  this 
genus,  but  its  significance  with  regard  to  the  movements  of  the 
chromatids  is  great.  Lateral  views  of  the  Mecostethus  chromo- 
somes at  this  time  show  that  while  the  small  ones  are  extended 
in  a  plane  of  the  spindle  axis  (fig.  39)  as  in  other  species,  the  larger 
ones  suffer  an  earUer  separation  of  the  chromatids  and  become 
diamond  shaped  with  an  open  center  (fig.  35)  instead  of  linear 
and  solid  as  in  most  cases.  This  is  merely  the  precocious  appear- 
ance of  a  chromatid  separation  which  occurs  in  the  early  anaphase 
of  all  species. 

Should  the  outer,  divergent  ends  of  the  V-shaped  chromosomes 
become  approximated  (or  should  they  remain  united,  if  the  re- 
verse is  the  character  of  the  movement),  annular  chromosomes 
are  produced.  Much  confusion  regarding  these  structures  exists 
needlessly  in  the  Uterature.  The  method  of  their  formation  is 
clear  and  luunistakable  and  transitional  forms  are  so  conmion  as  to 
point  definitely  to  the  relations  existing  between  them  and  the 
V-  and  U-shaped  forms.  In  figure  2,  for  instance,  the  upper 
chromosome  is  a  ring  but  the  outer  ends  are  only  sUghtly  joined. 
With  just  a  little  wider  separation  the  form  would  be  similar  to 
the  next  chromosome  to  the  left,  a  little  more  space  and  it  would 
be  shaped  like  the  second  one  to  the  left,  and  with  wider  diver- 
gence of  the  ends  would  approach  the  type  of  the  one  below  and 
to  the  right.  In  figure  2  there  are  at  most  two  ringed-shaped 
chromosomes,  while  in  figure  3,  from  the  same  animal,  there 
appear  six  without  divergent  ends.  It  is  evident  that  some  of 
the  chromosomes  which  in  figure  2  are  V's  are,  in  figure  3,  rings. 
Similar  evidence  is  afforded  by  the  chromosome  groups  of  Tropi- 
dolophus  shown  in  figures  21  to  30,  in  which  the  annular  chromo- 
somes vary  in  number  from  three  to  seven.    As  a  rule  the  larger 
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elements  tend  to  become  ring-shaped,  but  sometimes  fail  to  pass 
the  V-condition  and  then  may  be  identified  with  the  same  sized 
element  in  other  cells.  Such  relations  appear  in  the  cells  of  Tropi- 
dolophus,  just  referred  to,  and  also  in  cells  from  Mestobregma 
shown  in  figures  92  and  93. 

In  many  cases  the  approximation  of  the  outer  ends  of  the 
chromosomes  does  not  pass  beyond  their  mere  endwise  fusion, 
but  in  some  species  there  is  a  marked  tendency  for  this  portion 
of  the  chromosome  to  take  on  the  same  form  as  the  inner  end, 
or  to  exceed  this  and  to  form  a  second  ring.  In  such  cases  the 
outer  ring  has  its  plane  at  right  angles  to  that  of  the  inner.  Ele- 
ments of  this  type  appear  in  figures  21  to  26, 28  and  30.  They  are 
lacking  in  the  cells  represented  in  figures  27  and  29  from  the  same 
animal.  A  lateral  view  of  an  inconiplete  second  ring  is  shown  in 
the  chromosomes  at  figure  25  b  and  at  the  right  of  the  row  in 
figure  97. 

All  the  possibilities  of  form,  due  to  movements  of  the  chroma- 
tids within  the  plane  of  separation  corresponding  to  the  longi- 
tudinal cleft  of  the  homologous  chromosomes,  have  been  con- 
sidered, and  mention  has  been  made  of  the  movement  of  these 
elements  when  they  pass  from  the- plane  of  the  equatorial  plate 
to  that  of  the  spindle  axis.  The  latter  condition  is  added  to  the 
other  changes  in  form  in  varying  degrees  depending  upon  the  extent 
to  which  it  has  already  taken  place  in  the  prophase.  Dimng 
one  or  the  other  of  these  periods  this  gliding  of  daughter  chroma- 
tids along  the  plane  of  their  cleft  and  the  subsequent  approxima- 
tion of  homologous  chromatids  in  a  plane  at  ri^t  angles  to  this 
must  occur.  In  Mecostethus  all  this  transposition  falls  in  the 
metaphase,  for  the  elements  start  this  period  as  rods  or  V's  ex- 
tended in  the  equatorial  plate.  Polar  views  of  such  stages  are 
shown  in  figures  32  to  34,  37,  41  to  43,  and  46,  and  in  figures  35, 
36,  39,  40  and  45  are  lateral  views.  Figure  38  shows  individual 
chromosomes  from  different  angles  with  a  prophase  chromosome 
at  the  bottom  for  comparison.  In  this  case  it  is  demonstrated 
beyond  any  question  that  the  separation  of  the  elements  is  along 
the  length  of  the  chromosomes  and  that  they  recombine,  for  a 
time,  by  the  approximation  of  homologous  chromatids  in  the 
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plane  of  the  spindle  axis.  The  extremes  of  such  a  process  are 
shown  by  two  chromosomes  lying  side  by  side  in  one  cell  as  repre- 
sented in  figure  64  e. 

While  for  the  sake  of  convenience  in  analysis  the  conditions 
of  the  prophase  have  been  considered  separately  from  those  of 
the  metaphase,  the  facts  indicate  that  the  changes  in  form  are 
continuous  and  may  proceed  in  varjdng  degrees  in  different 
chromosomes  during  any  one  phase.  For  the  same  reasons  the 
different-  chromatid  movements  have  been  reduced  to  types,  but 
it  is  observed  that  they  are  rarely  simple  and  that  they  occur  in 
different  combinations  so  that  in  most  cases,  in  any  one  chromo- 
some, it  is  necessary  to  resolve  the  changes  into  their  components. 
When  this  is  done  for  the  metaphase  chromosomes  it  is  foimd 
that  in  general  there  is  more  or  less  bending  or  flexure  in  the 
plane  of  the  longitudinal  division  combined  with  varying  degrees 
of  extension  of  homologous  chromatids  side  to  side  at  right  angles 
to  this.  These  two  movements  are  sufficient  to  account  for  by 
far  the  greater  mmxber  of  metaphase  chromosome  forms  and 
exclude  the  possibiUty  of  the  occurrence  of  fundamentally  differ- 
ent chromatid  arrangements. 

c.  Relations  of  chromosomes  to  archoplasmic  fibers 

(1)  As  a  part  of  the  relations  in  the  metaphase  there  must  be 
considered  those  between  the  chromosomes  and  the  archoplasmic 
fibers.  It  is  not  pertinent,  in  Orthopteran  cells,  to  speak  of  the 
fibers  attaching  to  the  chromosomes  as  'mantle  fibers'  for  the 
reason  that  the  spindle  encloses  the  area  occupied  by  the  chromo- 
somes and  of  itself  constitutes  a  mantle  (fig.  129).  Nevertheless 
there  are  definite  fibers  attaching  to  the  chromosomes  and  the  re- 
lation thus  established  is  most  precise  and  constant.  With  but  few 
exceptions  fiber  attachment  is  at  the  center  of  the  rod  or  V-shaped 
chromosomes  or,  in  the  various  modifications  of  this  simple  form, 
at  the  corresponding  place,  which  is  the  point  of  fusion  between 
homologous  spermatogonial  chromosomes.  Directly  related  to 
the  form  of  the  tetrad  and  to  the  character  of  its  movements  is 
this  fiber  attachment,  for  it  fixes  the  position  bf  the  chromosome 
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in  the  equatorial  plate  and  guides  the  passage  of  the  chromatids 
in  their  divergence.  The  result  is  that  all  of  the  chromosomes 
take  up  such  a  position  that  the  synaptic  points  lie  toward,  or 
near,  the  spindle  axis,  and  all  of  the  chromatids  execute  like  con- 
vergent movements  toward  their  respective  spindle  poles.  The 
position  that  the  chromosomes  take  in  the  first  spermatocyte 
metaphase  and  the  position  of  their  fiber  attachment  are  seen, 
by  a  comparison  with  an  equatorial  plate  of  the  spermatogonium, 
to  be  the  same  in  both  generations,  the  sole  diflference  being  that 
in  the  earlier  generation  each  chromosome  is  free  and  independent 
while  in  the  later  they  are  joined  by  their  corresponding  inner 
ends  into  pairs.  These  conditions  are  clearly  evident  from  a 
consideration  of  the  two  stages  in  a  form  like  Mecostethus,  as 
may  be  seen  by  comparing  figure  44,  representing  a  polar  view  of 
a  spermatogonial  complex,  and  figure  43  showing  a  like  aspect  of 
a  first  spermatocyte  group.  There  are  the  same  twenty-three 
elements  in  the  same  relative  positions  to  the  spindle  and  fibers, 
the  one  difference  being  the  pairwise  imion. 

From  all  these  facts  it  is  reasonable  and  fair  to  conclude  that 
there  is  a  typical  organization  of  the  tetrad  which  extends  even 
to  the  relation  which  it  bears  to  the  archoplasm.  In  Hippiscus 
and  most  other  Acridians  this  is  of  the  character  just  described, 
but  there  are  a  few  exceptions  and  these  are  of  particular  interest 
because  of  the  strong  evidence  they  give  regarding  precision  of 
chromosome  organization. 

(2)  In  Stenobothrus,  Chorthippus,  Chloealtis  and  Trimero- 
tropis  are  f oirnd  conditions  that  differ  somewhat  from  the  account 
which  I  have  just  given  as  characteristic  of  the  Acrididae.  These 
differences,  at  first  suggestive  of  underlying,  essential  changes  in 
type,  are  found  on  careful  study  not  to  be  such,  but  only  individual 
modifications  of  certain  features  by  a  few  chromosomes.  The 
same  precision  of  organization  obtains,  but  details  are  modified. 
Apparently  the  differences  are  due  to  changes  in  the  position  of 
the  fiber  attachments,  but  whether  this  is  the  result  of  inner  struc- 
tural modification  of  the  chromosomes  themselves  or  whether  it 
is  an  archoplasmic  change  does  not  appear  with  certainty.  Con- 
sidering all  the  intfinsic  permutations  of  the  chromosomes,   it 
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would  seem  probable  that  this  changed  external  relation  is  the 
result  of  internal  organization.  Whatever  be  •  the  cause  the 
results  are  definite  and  exact. 

During  the  prophase,  indications  of  change  are  wanting  until 
in  the  late  stages,  but  upon  the  establishment  of  the  full  mitotic 
figure  marked  differences  in  appearance  of  certain  chromosomes 
are  at  once  apparent.  These  are  perhaps  not  so  prominent  in 
polar  views,  although  the  f amihar  clear  rings  are  wanting  and  the 
common  V-shaped  elements  are  few,  but  regarded  laterally  most 
striking  differences  at  once  appear.  The  prophase  rings,  which 
later  were  missing  in  their  customary  position  in  the  equatorial 
plate  when  viewed  from  the  pole,  are  very  evident  now,  extended 
instead,  at  right  angles  to  this  position  (figs.  63  and  64  a,  66), 
and  there  are  imfamiUar  E-shaped  chromosomes  (fig.  65)  and 
asymmetrical  rings  (fig.  64  g).  Occasionally  there  are  rings  lying 
in  the  plane  of  the  equatorial  plate  where  they  form  part  of  an 
E-shaped  element,  as  is  represented  by  the  large  chromosomes 
at  the  left  of  figure  63.  There  are  also  elongated  rods  with  bent 
ends  (fig.  64  b)  and  among  these  unusual  forms  appear  the  com- 
mon rods  and  crosses  (figs.  63,  64  e,  64  f,  65).  The  accessory 
chromosome,  instead  of  being  rod-shaped  and  going  thus  to  the 
pole  of  the  spindle,  is  V-shaped  with  fiber  attachment  at  the 
center  (fig.  66). 

An  analysis  of  these  conditions,  in  comparison  with  the  sper- 
matogonial  chromosomes  which  enter  into  the  first  spermatocyte, 
and  with  the  second  spermatocyte  chromosomes  which  emerge 
from  it,  gives  definite  evidence  of  the  cause  underlying  the  changed 
conditions  in  these  species.  Primarily  they  seem  to  be  due  to  a 
shifting  of  the  fiber  attachment  from  the  end  of  the  chromosome 
to  the  middle  or  to  some  intermediate  point,  as  was  described  for 
the  spermatogonia.  Whatever  the  position  of  the  fiber  inser- 
tion in  the  earUer  generation  it  is  carried  over  into  the  first  sper- 
matocyte and  appears  again  in  the  second  spermatocyte.  If  this 
be  at  the  center  of  the  chromosomes  when  they  join  in  synapsis, 
fusion  takes  place  at  both  ends  producmg  a  ring  with  a  possible 
divergence  of  the  chromatids  at  each  contact  end.  If  such 
lateral  extensions  occur  they  must  disappear  l&ter  when  the  halves 
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of  the  chromosomes  separate.  The  two  conditions  are  shown 
in  figure  64  a,  being  a  drawing  of  chromosomes  from  the  same  cell, 
and  in  figure  66.  Occasionally  rings  are  formed  when  the  fiber 
insertion  is  not  median,  and  in  that  event  divarication  of  the 
chromatids  takes  place  only  on  the  side  of  the  larger  members 
(fig.  65,  next  the  E-chromosome)  or  it  may  be  that  the  opposite 
result  is  reached  (fig.  64  g).  More  commonly  however,  when 
the  fiber  attachment  is  subterminal,  rings  are  not  formed  and 
synapsis  occurs  between  the  longer  limbs  only.  This  is  commonly 
true  of  the  larger  pair  of  spermatogonial  chromosomes  and  the 
result  is  the  E-shaped  chromosome  or  some  modification  of  it. 
In  this  element  it  not  infrequently  happens  that  the  divergent 
ends,  at  the  point  of  fusion,  become  much  extended  in  the  equato- 
rial plate  at  the  expense  of  the  arms  attached  to  the  fibers,  and 
swing  round  in  the  form  of  a  ring.  This  part  when  viewed  later- 
ally appears  as  a  much  extended  middle  bar  of  the  E,  but  when 
seen  from  above  exhibits  the  ring  form  modified  in  appearance 
by  the  bent  arms  above  and  below. 

All  the  evidence  indicates  that  the  composition  of  the  tetrads 
is  the  same  in  all  of  the  Acrididae  studied.  There  are  the  same 
elements  of  the  tetrads  to  be  distributed  in  each  case.  It  is  there- 
fore apparent  that  the  method  of  this  distribution  must  differ 
in  Stenobothrus  and  other  similar  forms,  with  rings  extended  in 
the  axis  of  the  spindle,  from  that  in  such  as  have  rings  lying  in 
the  equatorial  plate.  A  comparison  of  the  annular  chromosomes 
of  these  two  types  is  most  suggestive  and  seems  to  offer  unques- 
tionable evidence  of  the  distinction  between  chromosomes  that 
suffer  a  reduction  division  in  the  first  spermatocyte  and  those 
that  are  divided  equationally.  In  considering  the  work  of  dif- 
ferent investigators  upon  the  question  it  will  be  necessary  to  enter 
into  this  comparison  more  fully,  but  in  order  to  give  a  basis  for 
this  I  will  here  briefly  note  what  appear  to  be  essential  elements 
involved  in  the  discussion. 

(1)  The  composition  of  the  rings  is  the  same  in  all  cases  and 
the  point  of  fiber  attachment  is  fixed  for  each  chromosome. 

(2)  Rings  that  divide  longitudinally  in  the  first  spermatocyte 
lie  extended  in  the  equatorial  plate  and  have  the  fiber  attachment 
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at  the  synaptic  end,  which  lies  toward  the  spindle  axis.  In  the 
anaphase  the  daughter  chromosomes  go  to  the  pole  as  simple  V's 
(figs.  5,  6,  7  and  35). 

(3)  Annular  chromosomes  dividing  transversely  lie  extended 
parallel  to  the  spindle  axis  and  have  the  fiber  attachment  at  the 
middle  of  the  chromosome  or  near  the  middle.  The  anaphase 
chromosomes  are  double  V's  (fig.  67). 

It  is  necessary  also  to  consider  those  other  chromosomes  with 
median  or  subterminal  attachment  of  fibers  which  do  not  take 
on  the  form  of  rings.  For  our  present  purpose  it  is  sufficient 
to  note  that  they  differ  only  iii  the  degree  of  their  chromatid 
movements  from  the  rings  and  in  the  late  prophase  are  indis- 
tinguishable from  them.  The  Chromosomes  shown  in  figures  64 
b,  c,  d  and  h  may  have  been  rings  like  figure  64  g  or  their  parts 
may  never  have  come  into  the  ring  association.  The  points  of 
interest  to  note  here  is  that  such  chromosomes,  whether  rings  or 
not,  always  show  in  the  anaphase  double  V-shaped  forms. 

CHROMOSOMES  OF  SECOND  SPERMATOCYTE  METAPHASE 

The  conditions  of  most  interest  for  this  study  with  regard  to 
the  second  spermatocyte  reveal  themselves  fully  only  in  the  meta- 
phase  condition,  but  it  is  necessary  to  note  briefly  some  of  the 
earUer  phases.  Of  course,  so  far  as  the  accessory  chromosome 
is  concerned,  it  is  foimd  in  but  half  this  generation  of  cells,  but, 
since  this  does  not  otherwise  influence  the  chromosome  relations, 
it  will  not  be  necessary  to  consider  the  matter  further  at  this  time. 
The  distinction  between  the  first  spermatocyte  telophase  and  the 
second  spermatocyte  prophase  cannot  be  sharply  drawn,  for  the 
reason  that  in  some  species  there  is  no  loss  of  form  by  the  chromo- 
somes, and  the  only  indication  of  the  prophase  condition  is  the 
presence  of  the  chromosomal  group  within  a  nuclear  membrane 
and  the  forming  archoplasmic  spindle.  This  period  is  very 
brief  and  it  is  possible  to  find  exceptionally  in  one  cyst  first  sper- 
matocyte telophases  and  second  spermatocyte  metaphases. 

A  second  spermatocyte  metaphase  figure  distinguishes  itself 
at  once  from  that  of  either  of  the  two  preceding  cell  generations, 
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and  it  is  most  unlike  that  of  the  first  spermatocyte.  In  the  size 
and  form  of  the  spindle  and  shape  of  the  chromosomes  it  most 
resembles  the  spermatogonial  mitotic  figure,  but  differs  in  the 
possession  of  the  haploid  instead  of  diploid  mmxber  of  chromo- 
somes. While  it  is  like  the  first  spermatocyte  in  number  of  chro- 
mosomes it  is  most  imlike  in  the  form  of  the  chromosomes  and 
spindle.  When  viewed  from  the  pole  the  second  spermatocyte 
metaphase  figure  shows  all  the  elements  of  like  form — simple 
rods  with  terminal  fiber  attachment  and  arranged  radially  in 
the  equatorial  plate  (figs.  12, 13, 16  to  19, 31, 47, 49, 50, 53  to  58). 
A  lateral  view  reveals  each  chromosome  as  two  rods  superimposed 
with  the  inner  ends,  where  the  fibers  attach,  in  close  contact, 
while  the  outer  ends  may  be  widely  divergent  (figs.  48, 51  and  52). 
Occasionally  chromosomes  lying  in  the  center  of  the  group  may 
swing  widely  apart,  remaining  imited  only  at  the  point  of  fiber 
attachment  and  may  then  appear  ahnost  as  straight  rods.  Such 
instances  are  represented  in  figures  18,  49,  50,  53,  55,  57  and  95. 
In  the  cases  of  Stenobothrus,  Chorthippus,  Chloealtis  and  Tri- 
merotropis,  where  some  of  the  chromosomes  have  median  and 
subterminal  fiber  attachment  in  the  spermatogonia,  a  similar 
series  of  such  chromosomes  reappears  in  the  second  spermatocytes. 
Under  these  conditions  polar  views  of  the  second  spermatocyte 
metaphase  (figs.  68  to  76)  instead  of  presenting  all  the  chromosomes 
as  simple  rods  will  show  V's  with  equal  or  with  unequal  arms,  de- 
pending upon  the  point  of  fiber  attachment.  Divergence  of  the 
outer  ends  also  occurs  to  some  extent  in  such  chromosomes. 

DISCUSSION   OF  RESULTS   ON   THE   SPERMATOCYTES 

In  weighing  the  evidence  presented  in  the  different  accounts  of 
Qrthopteran  maturation  phenomena  it  will  be  necessary  to  take  into 
consideration  the  following  items;  (1)  the  relation  of  the  chromo- 
somes of  the  first  spermatocyte  to  those  of  the  spermatogoniimi, 
(2)  the  composition  and  form  of  the  first  spermatocyte  chromo- 
somes, (3)  the  relation  of  the  chromosomes  of  the  first  sperma- 
tocyte metaphase  to  those  of  the  prophase,  (4)  the  position  of 
the  chromosomes  in  the  spindle,  noting  the  Hippiscus  type  and 
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the  Stenobothrus  tjrpe  of  chromosomes,  (5)  the  movement  of 
the  chromatids  m  the  metaphase  in  these  two  types,  (6)  the  rela- 
tion of  the  chromosomes  to  the  archoplasmic  fibers  in  the  two 
types,  (7)  the  form  of  the  anaphase  chromosomes  in  Hippiscus 
and  Stenobothrus  types,  (8)  the  results  of  the  first  spermatocyte 
mitosis  under  the  conditions  of  the  two  types,  in  terms  of  the 
chromosomes,  (9)  the  results  of  the  second  spermatocyte  divisions 
in  the  two  types. 

Because  of  the  involved  and  contradictory  nature  of  the  various 
accounts  it  has  seemed  best  to  review  briefly  the  work  of  the  dif- 
ferent authors,  individually,  according  to  the  analysis  proposed, 
and  then  to  consider  the  general  evidence  on  each  of  the  points. 
By  this  means  it  will  be  possible  to  exclude  the  palpably  incorrect 
portions  of  the  various  descriptions  and  to  present  for  judgment 
those  possibly  correct  ones  upon  which  there  is  difference  of  opin- 
ion.   The  papers  on  each  family  will  be  grouped  together. 

a.  Acrididae 

Wilcox  ('95)  in  his  paper  upon  the  spermatogenesis  of  Melan- 
oplus  (Caloptenus)  femur-rubrum  describes  the  behavior  of  the 
chromosomes  in  such  a  way  that  it  is  quite  impossible  to  compare 
his  account  in  detail  with  more  exact  studies.  The  attempt  to 
do  this  will  nevertheless  indicate  somewhat  the  advance  that  has 
been  made  since  his  work  was  done.  (1)  The  12  univalent 
chromosomes  of  the  spermatogonium  become  extended  into  a 
granular  thread  upon  which  the  chromatin  collects  at  twenty- 
four  points,  and  then  the  thread  breaks  transversely  into  12 
dumb-bells.  (2)  By  joining  these  dimib-bells  in  pairs,  6  tetrads 
are  produced,  making  24  chromosomes.  These  are  all  in 
the  form  of  rings.  (3)  Contraction  results  in  the  production 
of  metaphase  chromosomes  having  also  an  annular  shape.  (4) 
The  rings  are  placed  on  the  spindle  parallel  to  its  axis.  (5)  By 
the  first  spermatocyte  mitosis  they  are  separated  into  half  rings. 
(6)  No  clear  statement  of  fiber  attachment  is  given.  (7)  Chro- 
mosomes in  the  anaphase  are  not  described.  (8)  The  first 
spermatocyte  mitosis  is  a  reduction  division.  (9)  Also  the 
second  spermatocyte  division  is  reductional. 
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The  work  of  deSin^ty  ('01)  upon  Oedipoda,  Stenobothnis, 
and  certain  Phasmids  was  not  done  with  a  detailed  consideration 
of  chromosome  relationships  and  so  it  is  not  possible  to  bring  it 
strictly  into  line  with  more  recent  studies.  Such  a  comparison 
will  however  be  valuable  in  showing  the  greater  precision  of  our 
present  knowledge:  (1)  No  adequate  attempt  is  made  to'analyse 
the  members  of  the  first  spermatocyte  complex  in  terms  of  the 
spermatogonia!  chromosomes.  (2)  The  first  spermatocyte  chro- 
mosomes are  formed  by  the  transverse  division  of  the  chromatin 
thread,  which  then  divides  twice  longitudinally*  in  planes  perpen- 
dicular to  each  other.  There  result,  by  different  degrees  of 
separation  and  movement  of  these  four  parts,  chromosomes  in 
the  shapes  of  rings,  loops,  crosses,  etc.  (3)  Through  concentra- 
tion these  become  the  final  metaphase  chromosomes  in  which 
the  second  longitudinal  spUt  is  lost.  (4)  Because  no  distinction 
is  made  between  the  Stenobothnis  and  Hippiscus  types  it  is  not 
possible  to  compare  the  behavior  of  the  various  chromosomes 
in  the  spindle.  (5)  No  uniformity  in  the  movements  of  the 
chromatids  in  metaphase  can  be  deduced  from  de  Sin6ty's  account 
except  that  they  separate  along  the  first  longitudinal  cleft. 
(6)  The  fiber  attachment  may  be  terminal,  median,  or  sub- 
terminal.  Differentiation  between  conditions  in  Stenobothnis  and 
Oedipoda  is  not  made.  (7)  Forms  of  chromosomes  in  the  first  sper- 
matocyte anaphase  depend  upon  the  position  of  fiber  attachment 
and  may  be  V-shaped  with  terminal  attachment,  double  V-shaped 
with  median  and  double  J-shaped  with  subterminal.  (8)  The 
first  spermatocyte  division  is  longitudinal  in  the  plane  of  the  first 
split.  (9)  Along  the  second  longitudinal  cleft  the  chromosomes 
separate  in  the  second  spermatocyte.  There  are  accordingly  two 
longitudinal  divisions  and  no  reduction. 

Montgomery  ('05)  confined  his  Orthopteran  studies  to  a  single 
species,  Syrbula  acuticomis,  and  came  to  a  number  of  conclusions 
very  different  from  those  reached  by  other  investigators,  although 
in  general  the  processes  were  conceived  to  be  similar  to  those  in 
other  Acrididae:  (1)  Twenty  chromosomes  were  reported  for 
the  spermatogonium,  of  which  one  pair  constitutes  the  heterochro- 
mosomes.    These  pairs  might  be  distinguished  by  differences  in 
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size  and  form.  By  end  to  end  synapds  these  20  chromosomes 
become  reduced  to  10,  among  which  the  heterochromosomes 
are  indistinguishable  from  the  tetrads.  There  is  a  persistent 
chromosome  individuaUty  manifested.  (2)  The  various  forms 
of  prophase  chromosomes  reported  by  other  cytologists  appear, 
according  to  Montgomery,  but  X's  are  rare.  Rings  are  not  \m- 
common  at  this  stage.  (3)  Forms  of  chromosomes  recognizable 
in  the  prophase  may  appear  in  the  metaphase  of  the  first  sperma- 
tocyte, but  such  forms  as  rings,  common  in  the  prophase,  are 
rare  in  the  metaphase.  Whatever  the  form,  however,  a  common 
type  is  recognizable,  i.e.,  two  spermatogonial  chromosomes  imited 
end  to  end  and  having  fibers  attached  to  the  opposite  ends.  (4) 
In  the  mid  period  of  mitosis  the  chromosomes  take  mq  such  a 
position  that  the  fused  ends  He  in  the  equatorial  plate.  Rings 
are  found  only  exceptionally,  as  are  X's.  (5)  The  first  matura- 
tion division  sees  only  a  separation  of  whole,  imivalent  spermat- 
ogonial chromosomes.  Such  as  he  extended  in  the  equatorial 
plate  are  pulled  past  each  other  to  an  opposite  pole  of  the  spindle. 
(6)  Fiber  attachment  is  at  the  ends  of  the  chromosomes  opposite 
the  synaptic  fusion.  (7)  In  the  anaphase  the  chromosomes  all  have 
the  form  of  V's  in  which  the  enclosed  space  represents  the  earlier 
longitudinal  spUt.  (8)  A  reduction  division  of  all  the  chromo- 
somes is  accomplished  in  the  first  spermatocyte  where  the  hetero- 
chromosomes behave  as  do  the  other  tetrads.  (9)  Also  in  the 
second  spermatocyte  all  the  chromosomes  divide  in  the  same 
way,  so  that  a  mere  equation  division  results.  This  includes  the 
heterochromosomes. 

Davis  ('08)  has  made  a  careful  and  extended  study  of  a  niunber 
bf  Acrididae  and  Locustidae  and  finds  a  common  type  of  matura- 
tion processes  in  all.  For  the  Acrididae  he  chooses,  as  representa- 
tive, the  conditions  foimd  in  Dissosteira,  and  includes  also  a  con- 
sideration of  Stenobothrus.  For  the  Locustidae  Steiroxys  is 
employed.  From  this  diverse  material  he  concludes  that  (1) 
the  spermatogonial  chromosomes  may  be  recognized  in  pairs, 
with  the  exception  of  the  accessory  chromosome,  and  these  reap- 
peto  in  the  first  spermatocyte,  joined  end  to  end,  to  form  the  tet- 
rads.    (2)  Chromosomes  of  the  first  spermatocyte  are  all  of  the 
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same  type  of  construction,  but  show  a  variety  of  shapes  which  are 
constant  in  number.  Thus  in  the  Acrididae  there  are  always 
three  rods,  two  very  small  and  one  mediimi  in  size;  three  crosses, 
two  of  medium  size  and  one  large;  and  five  rings  or  loops,  four  of 
which  are  large  and  one  of  medium  size.  In  Stenobothrus  simi- 
lar constant  shapes,  but  in  different  nimibers,  occur.  In  every 
case  the  chromosome  is  formed  by  the  end  imion  of  spermato- 
gonial  chromosomes  and,  if  immodified,  produces  the  simplest 
type — the  rod.  If,  at  the  point  of  imion  in  such  an  element,  the 
parts  diverge  and  become  extended  at  right  angles  to  the  length 
of  the  rod,  the  cross  is  formed.  Rings  represent  a  union  of  the 
two  spermatogonial  elements  at  both  ends  instead  of  at  one  as 
in  the  other  types.  When  the  fiber  attachment  is  not  terminal, 
as  in  Stenobothrus,  there  may  be  a  lateral  extension  of  the  parts, 
as  in  the  rods,  joined  to  a  flexure  at  the  point  of  fiber  attachment 
forming  E-shaped  chromosomes.  (3)  A  gradual  condensation 
of  the  chromosomes  carries  the  forms  of  the  prophase  over  into 
the  metaphase.  (4)  In  the  first  spermatocyte  spindle  the  rods 
are  placed  parallel  to  its  length,  the  crosses  with  one  arm  in  the 
direction  of  the  spindle  axis  and  the  other  in  the  equatorial 
plate,  while  the  rings  and  loops  are  in  such  a  position  that  their 
free  ends  lie  central  and  crossed  with  the  synaptic  ends  directed 
peripherally.  According  to  the  description  homologous  chromo- 
somes should  He  one  above  the  other  so  that  the  opening  of  the 
ring  would  be  apparent  from  a  lateral  view,  but  in  the  fewmeta- 
phase  figures  shown  (text  fig.  N)  they  appear  clearly  in  polar 
views.  The  figures  of  Stenobothrus,  upon  which  form  Davis 
clearly  has  established  his  views,  are  much  more  numerous  at 
this  stage  and  the  rings  are  accurately  shown  lying  extended  in 
the  direction  of  the  spindle  axis.  The  other  chromosomes  appear 
as  in  Dissosteira.  (5)  At  the  time  of  chromatid  separation  the 
halves  of  the  extended  rods  merely  move  apart,  showing  first 
a  constriction  at  the  point  of  division;  the  crosses  suffer  a  reduc- 
tion of  the  lateral  arms,  due  to  an  extension  of  their  substance 
into  the  vertical  arms,  and  at  length  come  to  have  the  same 
shape  as  the  rods.  The  rings  have  their  curved  halves  pulled 
past  each  other  in  the  axis  of  the  spindle  and  at  the  end  of  the 
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movement  are  extended  in  this  direction  as  split  rods.  Where 
the  fiber  insertion  is  not  terminal,  as  in  Stenobothrus,  the  rings 
separate  as  longitudinally  divided  half  rings.  (6)  Davis  con- 
ceives the  point  of  fiber  attachment  to  be  permanent  from  genera- 
tion to  generation  of  cells,  and  finds  strong  confirmation  for  this 
idea  in  the  chromosomes  of  Stenobothrus  where  there  are  ter- 
minal, median  and  submedian  attachments.  In  Steiroxys  there 
are  also  median  attachments,  but  in  the  other  forms  studied 
apparently  they  are  all  terminal.  (7)  Where  the  fiber  attach- 
ment is  terminal  the  anaphase  chromosomes  of  the  first  sperma- 
tocyte appear  as  simple  V's,  but  in  those  cases  with  median  or 
subterminal  attachment  the  chromosomes  are  double  V's  or  J's. 
(8)  As  a  result  of  his  study  on  the  different  species  of  Orthoptera, 
Davis  concludes  that  the  first  spermatocyte  niitosis  witnesses  a 
separation  of  homologous  chromosomes  and  is  therefore  a  reduc- 
tion division  in  Weismann's  sense.  (Sf)  Further  he  concludes 
that  in  the  second  spermatocyte  the  halves  of  chromosomes, 
longitudinally  split  in  the  first  spermatocyte  prophase,  are  sepa- 
rated by  an  equation  division. 

Buchner  ('09),  from  his  investigation  of  Oedipoda,  reaches  the 
following  conclusions:  (1)  T^e  twenty-three  chromosomes  of 
the  spermatogonium  are  recognizable  as  eleven  tetrads,  plus  the 
accessory  chromosome,  in  the  first  spermatocyte.  (2)  The 
planes  of  the  future  longitudinal  and  cross  divisions  are  recogniz- 
able in  the  prophase  chromosome,  which  is  an  elongated  thread 
with  a  central  cleft  representing  the  position  of  the  future  reduc- 
tion division.  This  extended  thread  may  be  subjected  to  unequal 
pressure  on  the  two  sides  and  then  takes  the  form  of  a  U.  The 
free  ends  of  such  a  tetrad  may  come  into  contact  and  thus  produce 
a  ring.  In  oblique  view  these  rings,  which  do  not  he  in  one  plane, 
have  the  appearance  of  a  figure  8.  By  approximation  of  the  two 
elements  lengthwise  and  by  breaking  apart  at  the  ends,  parallel 
rods  result.  If  the  forces  exert  themselves  equally  on  both  sides 
of  the  tetrad  it  remains  extended.  Short  elements  under  these 
conditions  are  straight  rods,  but  longer  ones  may  be  drawn  out 
at  the  center  and  produce  crosses  with  arms  of  various  proportion- 
ate lengths.    Combinations  of  the  two  types  may  occur  and 
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rings  produced  by  the  first  form  of  movement  may  have  the 
elements  drawn  out  at  the  center  producmg  a  cross  on  a  ring. 
Such  secondary  crosses  do  not,  however,  occur  on  both  sides  of 
the  ring.  (3)  By  continued  contraction  the  various  forms 
become  more  uniform  and  with  the  loss  of  the  nuclear  membrane 
there  may  be  found  round  and  elongate  bodies  corresponding 
to  the  earlier  rings  and  crosses  without  any  indication  of  central 
opening  or  longitudinal  split  except  in  the  largest  rings.  (4) 
Upon  the  establishment  of  the  spindle  there  are  found,  in  lateral 
view,  chromosomes  with  their  longitudinal  axis  parallel  to  the 
spindle  and  others  at  right  angles  to  it,  with  all  intermediate 
forms.  The  conclusion  is  that  "die  Stellung  der  extremen  Chro- 
mosomen  gestattet  ims  den  Schluss,  das  die  Teilungsebene 
iibereinstimmt  mit  der  Ebene,  in  der  die  Chromosomengrenzen 
liegen;  die  erste  Reifeteilimg  stellt  eine  echte  Reduktionsteilimg 
(Praereduktion  Korschelt-Heider)  dar."  (5)  Buchner  fails  to 
observe  the  movements  of  the  chromatids  while  in  the  equatorial 
plate.  (6)  One  fiber  attaches  to  each  chromosome  at  a  clearly 
marked  point,  and  this  varies  in  position  in  each  chromosome. 
(7)  The  form  of  the  anaphase  chromosomes  is  variable  depend- 
ing upon  the  position  of  the  fiber  attachment.  No  indication 
of  the  longitudinal  cleft — or  plane  of  second  spermatocyte  divi- 
sion— is  visible,  but  it  nms  the  length  of  the  arms  of  the  anaphase 
U's.  (8)  All  chromosomes  are  divided  transversely  in  the  first 
spermatocyte  and  the  various  forms  of  anaphase  chromosomes 
go  over  into  the  second  spermatocyte  with  an  invisible  longi- 
tudinal cleft.  (9)  After  a  brief  resting  period  and  prophase,  in 
which  the  anaphase  chromosomes  may  be  recognized,-  the  second 
spermatocyte  metaphase  figure  is  formed  with  the  chromosomes, 
longitudinally  divided,  lying  in  the  equatorial  plate.  They  are 
all  of  one  type  with  terminal  fiber  attachments  and  divide  along 
the  plane  established  by  the  longitudinal  division  of  the  first 
spermatocyte  spireme.  The  anaphase  shows  no  V-shaped  chro- 
mosomes. 

Brunelli  ('09,  '10,  '11)  has  studied  the  maturation  phenomena 
in  Gryllus  desertus  Pall,  and  in  Tryxalis  and  concludes  that,  in 
essentials,  they  are  similar.    For  Tryxalis  ('10,  '11)  he  states 
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that  (1)  it  is  difficult  to  determine  exactly  the  spermatogonial 
number,  but  it  is  probably  21  although  his  figure  17  shows  23 
very  clearly.  In  the  first  spermatocyte,  however,  there  are  10 
tetrads  plus  the  accessory  chromosome.  There  is  an  individuahty 
of  the  chromosomes  and  spermatogonial  elements  reappear  in  the 
first  spermatocyte  joined  in  pairs.  (2)  There  are  various  forms 
of  the  chromosomes  due  to  the  movements  of  their  parts  as  well 
as  to  the  dififerent  aspects  from  which  they  are  viewed.  They 
are  conceived  to  be  rods  joined  at  one  end  and  variously  twisted 
and  separated.  The  union  is  sUght  and  often  they  lie  across  each 
other  or  one  is  bent  around  the  other.  Rings  are  loops,  althou^ 
in  figure  11  a  perfect  annular  element  is  shown,  while  crosses  are 
formed  of  overlying  parts.  (3)  The  forms  of  the  prophase  are 
traced  into  the  metaphase.  (4)  No  clear  polar  views  of  the 
metaphase  are  given,  but  in  later  views  the  paired  elements  are 
shown  placed  one  above  the  other — 'superposition' — ^with  their 
inner  ends  crossed.  (5)  In  the  dicession  of  the  chromosomes 
they  move  past  each  other  going  to  the  opposite  pole  of  the  spindle 
from  that  side  of  the  equatorial  plate  upon  which  they  lay  in 
early  metaphase.  Whole  spermatogonial  chromosomes  are  thus 
separated  from  each  other  by  simply  being  pulled  apart.  (6) 
Fiber  attachment  is  terminal  and  to  the  spermatogonial  deriva- 
tive lying  on  the  opposite  side  of  the  equatorial  plate.  (7)  The 
anaphase  chromosomes  are  single  V's  whose  contained  space  is 
the  longitudinal  division  established  even  as  early  as  during  the 
anaphase  of  the  preceding  spermatogonial  division.  (8)  By  the 
segregation  of  whole  chromosomes  in  the  first  spermatocyte 
there  results  a  prereduction  type  of  maturation.  (9)  The 
V-shaped  chromosomes  of  the  anaphase  are  traced  through  the 
interkinesis  and  into  the  second  spermatocyte  metaphase  where 
they  are  divided  along  the  longitudinal  cleavage  of  each,  thus 
constituting  an  equation  divison. 

Gerard  ('09)  has  studied  only  Stenobothrus  and  his  results 
may  be  compared  in  detail  only  with  those  of  other  investigators 
upon  similar  material.  Smnmarized,  his  findings  are  that  (1) 
while  there  is  a  loss  of  chromosome  outUnes  after  the  last  sperma- 
togonial division  and  the  formation  of  a  network,  there  subse- 
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quently  appear  two  spiremes  which,  by  parasynapsis,  become 
a  double  one,  and  this  then  divides  by  transverse  fission  into  the 
reduced  nimiber  of  chromosomes,  17.  These  are  of  the  sizes 
foimd  in  the  spermatogoniimx  and  represent  them  in  the  paired 
condition.  (2)  The  fonns  of  chromosomes  in  the  first  sperma- 
tocyte prophase  are  rings,  figures  of  8,  etc.,  in  which  the  open 
space  represents  the  plane  of  fusion  between  the  spiremes — ^it  is 
interchromosomal.  (3)  By  concentration  the  metaphase  chro- 
mosomes are  formed  from  those  of  the  prophase.  (4)  Upon  the 
spindle  the  rings  are  so  placed  as  to  lie  extended  in  its  axis.  Rods 
also  occur  in  the  same  position.  (5)  The  rings  break  into  half 
rings  or  Vs  whose  enclosed  space  is  the  interchromosomal  cleft 
between  the  spiremes.  (6)  There  is  no  detailed  consideration 
of  fiber  attachment.  (7)  In  the  anaphase  there  appear  double 
V's  whose  separation  is  due  to  the  longitudinal  split  of  the  chro- 
mosomes. (8)  Through  the  movements  of  the  chromosomes  in 
the  first  spermatocyte  mitosis  a  reduction  division  is  accompUshed. 
The  accessory  chromosome  does  not  divide  at  this  time.  (9)  In 
the  second  spermatocyte  an  equation  division  occurs. 

Granata  ('10)  has  studied  for  the  maturation  phenomena  of 
the  chromosomes  the  material  employed  by  Giglio-Tos  in  his 
investigations  of  mitochondria,  which  was  derived  from  the 
European  genus  Pamphagus.  As  has  already  been  noted  in 
considering  the  spermatogonia,  this  form  appears  to  show  different 
nimxerical  conditions  from  most  other  Acrididae.  The  conclu- 
sions of  Granata  are  as  follows:  (1)  The  nimxber  of  chromosomes 
is  constant  and  the  members  appear  as  paired  elements  of  definite 
sizes.  An  unpaired  accessory  chromosome  is  present.  A  spireme 
is  formed  in  which  the  spermatogonial  chromosomes  lose  them- 
selves. There  is  no  persistent  chromosome  individuaUty  since 
these  structures  are  but  the  expression  of  chemical  activities. 
(2)  The  typical  first  spermatocyte  chromosome  is  the  cross 
formed  from  a  rod  which  has  been  twice  divided  longitudinally 
and  has  then  opened  out  part  way  along  one  of  these  clefts  and 
later,  from  the  opposite  end  of  the  rod,  along  the  other.  Rings 
are  similar  structures  which,  instead  of  opening  out  completely 
along  the  second  longitudinal  cleft,  have  remained  united  at  the 
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end  while  diverging  in  the  center.  Figure-8  chromosomes  are 
such  rings  with  a  secondary  divarication  of  the  end  opposite 
the  first  producing  a  second  ring  at  right  angles  to  the  primary 
ring.  (3)  The  definitive  metaphase  chromosomes  reach  their 
forms  by  a  condensation  of  similar  figures  in  the  prophase.  (4) 
No  clear  statement  regarding  position  of  the  chromosomes  in 
spindle  is  given  but  figures  show  rings  Ijring  in  the  equatorial 
plate  and  the  statement  is  made  that  the  author  agrees  with  the 
descriptions  of  McClimg  and  his  students.  (5)  A  similar  state- 
ment may  be  made  regarding  the  movements  of  the  chromatids 
in  metaphase.  (6)  The  relation  of  chromosomes  to  fibers  is  not 
clearly  stated.  (7)  In  the  anaphase  the  chromosomes  pass  to 
the  poles  of  the  spindle  as  simple  Vs.  (8)  The  result  of  the  first 
spermatocyte  mitosis  is  a  longitudinal  division  of  the  chromosomes 
and  no  division  of  the  accessory  chromosome.  (9)  The  telophase 
chromosomes  may  be  traced  into  the  second  spermatocyte  and 
later  are  divided  along  the  second  longitudinal  cleft,  while  the 
accessory  chromosome  divides  lengthwise  also. 

Meek's  work  ('11)  deals  with  the  case  of  Stenobothrus  only.  His 
conclusions  are  that  (1)  while  there  appears  to  be  a  complete 
loss  of  chromosome  identity  during  the  growth  period,  the  same 
series  of  sizes  and  shapes  reduced  to  the  haploid  number  9,  reap- 
pears in  the  first  spermatocyte  metaphase  and  it  is  possible  that 
the  chromosomes  of  this  stage  are  formed  by  earUer  conjugation 
of  homologous  spermatogonial  elements.  (2)  Each  first  sperma- 
tocyte prophase  chropiosome  is  formed  of  four  parts,  and  may 
show  a  variety  of  shapes — crosses,  rings,  loops,  figures  of  8,  etc. 
(3)  The  metaphase  chromosomes  appear  either  as  rods,  or  as 
V's  with  more  or  less  imequal  arms.  (4)  On  the  first  spermato- 
cyte spindle  the  chromosomes  are  placed  principally  as  extended 
rods  or  crosses.  (5)  No  clear  accoimt  is  given  of  the  movement 
of  the  chromatids  in  the  metaphase.  (6)  There  is  no  statement 
regarding  fiber  attachment.  (7)  An  accoimt  of  the  anaphase 
chromosomes  is  not  given.  (8)  The  first  spermatocyte  division 
is  thought  to  be  longitudinal.  (9)  In  the  second  spermatocyte 
a  possible  reduction  division  occurs,  although  it  is  conceived  that 
both  spermatocyte  divisions  may  be  longitudinal. 
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h.  Locustidae 

Stevens  ('05),  in  connection  with  a  series  of  studies  upon  the 
accessory  chromosome,  describes  briefly  the  spermatogenesis  of 
Stenopehnatus,  a  Locustid.  Several  errors  appeared  in  this 
paper  which  were  later  corrected.  Such  of  her  final  conclusions 
as  relate  to  this  study  are  indicated  in  the  following:  (1)  From 
the  47  chromosomes  of  the  spermatogoniiun  there  are  formed  by 
telosynapsis  in  the  prophase  of  the  first  spermatocyte  twenty- 
three  tetrads  and  an  impaired  accessory  chromosome.  (2)  The 
tetrads  thus  produced  have  the  form  of  rings,  crosses  and  rods. 

(3)  In  the  metaphase  the  same  series  of  forms  may  be  traced. 

(4)  The  chromosomes  are  so  placed  in  the  spindle  that  their  plane 
of  longitudinal  cleavage  Ues  in  the  equatorial  plate.  This  is 
clearly  indicated  by  persisting  Unin  connections.  (5)  By  move- 
ment of  the  chromatids  along  the  plane  of  the  longitudinal  split 
in  the  late  metaphase,  the  chromosomes  have  the  form  of  rods 
extended  in  the  direction  of  the  spindle  axis.  (6)  Fiber  attach- 
ment is  not  described,  but  by  inference  it  must  be  at  the  synaptic 
points.  (7)  Anaphase  chromosomes  are  in  the  form  of  simple  V^s 
or  double  rods.  (8)  An  equation  division  occurs  in  the  first  sper- 
matocyte. (9)  Segregation  of  homologous  chromosomes  results 
from  the  second  spermatocyte  mitosis. 

Otte  ('07)  has  confined  himself  to  a  study  of  the  Locustid, 
Locusta  viridissima,  and  comes  to  some  unique  conclusions  regard- 
ing maturation  phenomena.  His  results  may  be  summarized  as 
follows:  (1)  There  is  a  constant  series  of  chromosomes  recog- 
nizable by  differences  of  size.  The  paired  elements  of  the  sperma- 
togonium, after  beijoming  elongated  in  the  first  spermatocyte 
prophase,  join  together  side  by  side  to  form  the  haploid  nimiber — 
parasynapsis.  (2)  Of  these,  the  longer  elements  become  rings 
by  a  bending  of  the  double  thread  until  the  ends  meet,  at  which 
point  they  may,  or  may  not,  fuse.  These  annular  chromosomes 
may  continue  in  this  form  or  they  may  become  compressed  so 
that  they  break  at  the  point  of  greatest  curvature — opposite 
the  free  ends  of  the  loop-^-and  thus  produce  parallel  rods,  each  of 
which  shows  a  space  representing  that  produced  by  the  earlier  ap- 
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proximation  of  the  two  threads.  Smaller  elements  may  fail,  or 
be  miable,  to  form  rings  and  then  appear  as  straight  rods.  Such 
rods  then  break  across  at  the  middle  and  form  tetrad-like  chromo- 
somes. Sometimes  at  the  middle  point  the  halves  of  the  threads 
are  drawn  out  to  form  cruciform  chromosomes.  (3)  The  various 
prophase  forms  are  traced  directly  into  the  metaphase  through  a 
gradual  condensation.  (4)  The  rings  he  in  the  spindle  parallel 
with  its  axis;  the  rod-shaped  forms  are  extended  in  the  same 
manner..  (5)  A  mere  separation  of  the  half  rings  or  half  rods 
is  all  that  occurs  in  the  metaphase.  (6)  In  the  case  of  the  rings, 
fiber  attachment  is  at  the  middle  of  each  half  ring,  in  the  rods  at 
opposite  ends  of  the  extended  structure.  (7)  Forms  shown 
by  the  anaphase  chromosomes  are  spUt  half  rings  from  the  annu- 
lar chromosomes  and  V's  from  the  rods.  (8)  By  the  first  sper- 
matocyte division  one  end  of  each  of  the  spermatogonial  chromo- 
somes, joined  side  by  side  in  the  prophase,  is  separated  from  the 
other  end  and  goes  into  a  different  second  spermatocyte.  It  is 
not  a  reduction  or  segregation  division  because  homologous  ele- 
ments are  not  separated;  it  is  not  an  equation  division  for  the 
reason  that  not  all  parts  of  each  chromosome  are  represented 
in  the  daughter  cells.  As  described  by  Otte  it  is  an  entirely 
unique  form  of  division.  (9)  The  second  division  is  like  the 
first,  even  to  the  forms  of  the  chromosomes.  Before  the  second 
spermatocyte  metaphase  the  half  rings  have  again  become  rings 
and  are  once  more  separated  as  in  the  preceding  mitosis.  The 
rods  are  again  divided  transversely  and  go  to  the  poles  as  split 
rods.  This  also  is  neither  a  reduction  nor  an  equation  division. 
The  result  of  the  two  divisions  is  to  divide  each  spermatogonial 
chromosome,  joined  by  parasynapsis  to  its  homologue,  twice 
transversely,  one-fourth  of  its  length  going  into  each  spermatid. 

Stevens  (42)  discusses  supernumerary  chromosomes  and  the 
method  of  synapsis  in  Ceuthophilus.  She  finds  a  parasynapsis, 
subterminal  fiber  attachment  and  a  reduction  division  in  the  first 
spermatocyte. 

Vejdovsky  ('13),  together  with  studies  upon  Ascaris,  Gordius 
and  other  genera,  has  reported  the  results  of  his  investigations 
upon  Decticus  and  Diestramena,   two  Locustid  genera.    His 
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results  may  be  stated  as  follows:  (1)  There  is  constancy  in  num- 
ber of  chromosomes  with  differential  sizes  in  a  duplex  series. 
After  the  last  spermatogonial  division  the  chromosomes  lose  their 
linin  center  and  the  naked  chromatin  threads  of  homologous 
chromosomes  fuse  their  substance  to  produce  a  new  mixochromo- 
some.  (2)  These  mixochromosomes  early  spUt  longitudinally 
to  produce  dyads.  Just  before  the  first  spermatocyte  metaphase 
these  dyads  again  divide  longitudinally  to  produce  tetrads, 
the  largest  of  which  are  rings  or  elUpses.  (3)  These  tetrads,  by 
slightly  more  concentration,  pass  into  the  metaphase  where  the 
rings  are  large  and  conspicuous.  (4)  These  rings  are  of  the  Sten- 
obothrus  type  and  he  parallel  to  the  spindle  axis.  (5)  In  the 
metaphase  the  annular  chromosomes  are  reduced  to  half  rings 
by  dividing  across  at  their  middle.  (6)  The  fibers  attach  at 
the  centers  of  the  half  rings.  (7)  The  anaphase  chromosomes 
resulting  are  double  half  rings  or  Vs.  (8)  As  a  result,  the  first 
spermatocyte  mitosis  represents  a  longitudinal  division.  (9)  In 
the  second  spermatocyte  the  chromatids  are  separated  along  the 
second  longitudinal  cleft.  There  are,  therefore,  two  longitudinal 
divisions  and  no  reduction. 

c.  GryUidae 

Vom  Rath  ('91,  '92,  '95)  has  reported  the  process  of  maturation 
in.  Gryllotalpa  vulgaris,  but,  as  stated  in  the  discussion  of  the 
spermatogonia,  his  results  are  so  evidently  erroneous  that  it  is 
profitless  to  attempt  a  comparison  between  them  and  the  findings 
of  others.  It  is  only  necessary  to  mention,  to  indicate  the  char- 
acter of  his  work,  that  he  reported  the  diploid  number  of  chromo- 
somes to  be  12  instead  of  23,  and  that  he  entirely  overlooked  the 
prominent  accessory  chromosome.  For  these  reasons  his  work 
will  not  be  considered  further. 

Gutherz  ('07,  '08,  '09)  in  a  series  of  papers  on  Gryllus  has 
discussed  the  behavior  of  the  accessory  chromosome  and  its  rela- 
tion to  sex  determination,  but  his  work  does  not  concern  itself 
closely  with  the  problems  of  this  paper.  He  notes  the  typical 
behavior  of  the  accessory  chromosome  during  spermatogenesis 
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and  denies  the  presence  of  such  an  unpaged  element  m  the  female 
cells. 

Voinov  ('04)  deals  only  with  the  behavior  of  nucleolar  bodies. 

Brunelli  ('09)  states  in  this  paper  many  of  the  views  which  he 
elaborated  later  in  his  study  of  Tryxalis.  Briefly,  he  finds  the 
21  spermatogonial  chromosomes  of  Gryllus  converted  into  10 
tetrads  plus  the  accessory  chromosome.  The  prophase  chromo- 
somes may  be  interpreted  as  double  rings,  which  in  the  metaphase, 
take  on  a  variety  of  forms  due  to  the  point  of  fiber  attachment 
and  to  the  fluidity  of  the  chromatin.  The  form  in  the  metaphase 
may  vary  from  that  of  the  prophase  for  these  reasons.  In  the 
metaphase  the  chromosonaes  are  arranged  in  'superposition,'  and 
the  half  rings,  representing  spermatogonial  chromosomes,  separate. 
Fibers  attach  at  the  center  of  the  half  rings  and  the  anaphase 
chromosomes  are  spUt  Vs.  The  first  spermatocyte  mitosis  is 
reductional  and  the  second  is  equations!. 

Payne  ('13)  in  a  short  paper  gives  an  account  of  the  behavior 
of  the  accessory  chromosome  in  Gryllotalpa  vulgaris  and  describes 
an  imequal  tetrad,  the  large  member  of  which  always  accompanies 
the  accessory  chromosome  in  its  unipolar  movement  in  the  first 
spermatocyte  mitosis.  For  our  present  purpose  we  may  note 
that  the  diploid  number,  23,  is  reduced  to  the  haploid,  12,  in  the 
usual  manner  so  as  to  leave  an  impaired  accessory  chromosome. 
Baumgartner  ('11),  in  an  abstract  of  a  paper  read  before  the 
American  Society  of  Zoologists,  reports  similar  conditions  in 
Gryllotalpa  borealis. 

d.  Blattidae 

Farmer  and  Moore  ('05),  after  a  study  of  a  number  of  plants 
and  animals,  conclude  that  there  is  a  typical  series  of  processes, 
common  to  all  multicellular  organisms,  in  the  reproductive  cycle. 
Among  the  forms  studied  was  Periplaneta  americana  and  the 
processes  of  matm^tion  in  the  male  are  thus  conceived:  (1)  The 
chromosomes  are  morphologically  continuous  from  generation 
to  generation  and  the  reduced  number  of  the  first  spermatocyte 
is  derived  from  the  diploid  spermatogonial  series  by  fusion  of 
homologous  pairs.    Details  of  this  process  are  not  clearly  given 
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but  it  would  appear  from  several  statements  that  this  must 
be  due  to  union  of  chromosomes,  and  not  to  a  unique  cross- 
splitting  of  a  continuous  spireme.  On  page  527  this  statement 
occurs:  "It  does  not  seem  to  be  a  matter  of  any  consequence  how 
the  bivalent  arrangement  is  produced,  since  there  is  so  much 
variabiUty  in  the  process,  but  the  temporary  union  in  pairs  of 
somatic  chromosomes  is  the  really  important  feature."  (2)  For 
Periplaneta  the  analysis  of  the  tetrads  into  their  univalent  parts 
is  not  made  clearly,  but  the  idea  of  variabiUty  of  association 
and  dissociation  is  held.  How  much  this  means  for  these  authors 
may  be  gathered  from  the  description  of  the  different  methods 
by  which  the  common  X-shaped  chromosome  is  produced  in  Os- 
mimda  (p.  522).  At  least  three  variations  in  constitution  are 
mentioned.  In  Periplaneta  the  prophase  chromosomes  are  in 
the  form  of  loops  with  their  free  ends  polarized  at  one  side  of  the 
nucleus.  A  chromatin  nucleolus  is  present.  (3)  The  metaphase 
chromosomes  are  in  the  form  of  rings  and  are  produced  by  approxi- 
mation of  the  free  ends  of  the  loops.  (4)  Upon  the  spindle  the 
rings  are  so  arranged  that  they  he  in  its  axis.  They  are  there- 
fore of  the  Stenobothrus  type.  (5)  In  the  metaphase  the  annular 
chromosomes  are  separated  into  half  rings.  (6)  Fiber  attach- 
ment is  median  as  in  the  spermatogonia.  (7)  The  anaphase 
chromosomes  are  irregular  half  rings,  or  V's,  with  the  original 
longitudinal  cleft  of  the  chromatin  thread  dividing  them  into 
double  elements.  (8)  As  a  result  of  the  first  spermatocyte  divi- 
sion the  reduction,  or  segregation,  of  the  biparental  chromosome 
groups  is  effected.  (9)  After  a  very  nearly  complete  rest  stage 
the  reduced  number  of  chromosomes  reappears  in  the  second 
spermatocyte  metaphase  and  there  they  divide  "in  the  ordinary 
premaiotic  manner.'' 

Stevens  ('05)  describes  the  maturation  phenomena  of  (Blat- 
tella)  Blatta  germanica  with  these  results:  (1)  The  23  chromo- 
somes of  the  spermatogoniiun  become  converted  by  telosynapsis 
into  11  tetrads,  leaving  the  impaired  accessory  chromosome. 
(2)  Rings,  crosses,  U's  and  rods  occur  in  the  first  spermatocyte 
prophase  but  they  are  of  essentially  the  same  type  of  construc- 
tion.    (3)  Variation  disappears  in  the  metaphase  and  all  the 
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tetrads  are  dumb-bells;  (fig.  125  seems,  however,  to  show 
rings  very  clearly).  (4)  All  chromosomes  lie  with  their  longi- 
tudinal axes  parallel  to  that  of  the  spindle.  (5)  A  mere  separa- 
tion of  the  dumb-bells  marks  the  changes  in  the  metaphase. 
(6)  Fiber  attachment  is  not  discussed,  but  from  the  figures  it 
appears  to  be  terminal.  (7)  The  forms  of  the  anaphase  chromo- 
somes are  not  described  or  clearly  figured.  (8)  In  the  first  sper- 
matocyte a  segregation,  or  reduction,  division  occurs.  (9)  After 
a  complete  rest  stage  the  chromosomes  of  the  second  spermatocyte 
appear  and  divide,  presumably  equationally. 

Wassilieflf  ('07)  says  that  in  Blatta  germanica  the  unreduced 
nimiber  of  chromosomes  is  23,  of  which  one  is  the  impaired  acces- 
sory chromosome.  By  some  means,  not  fully  explained,  the 
haploid  group  of  12  chromosomes  is  produced  from  the  chromatin 
of  the  nucleus  resulting  from  the  last  spermatogonial  division; 
(in  explanation  of  fig.  37,  rods  are  described  as  being  chromatin 
segments  conjugated  end  to  end).  One  of  the  twelve  behaves 
in  many  ways  like  a  nucleolus  and  later  passes  undivided  to  one 
pole  of  the  first  spermatocyte  spindle.  The  first  spermatocyte 
prophase  chromosomes  have  the  form  of  rings  or  V's  which  are 
produced  by  the  bending  of  a  longitudinally  split,  transversely 
cleft  thread  upon  itself.  The  two  segments  are  separated  at 
this  cross  division  in  the  first  spermatocyte,  which  is  therefore  a 
reduction  division.  Along  the  longitudinal  spUt  occiu^  an 
equation  division  in  the  second  spermatocyte. 

Morse  ('09)  records  the  consistent  phenomena  apparent  in 
four  genera  of  Blattidae.  Among  his  observations  the  following 
of  interest  in  the  present  study  may  be  noted:  (1)  The  chromo- 
somes of  the  first  spermatocyte  are  derived  from  the  spermato- 
gonial series  by  a  parasynapsis  of  homologous  members,  leaving 
an  unpaired  accessory  chromosome.  (2)  By  an  enlargement 
of  the  interchromosomal  space  rings  are  produced,  but  persistent 
rods  also  occur.  (3)  Condensation  and  contraction  of  these  result 
later  in  the  production  of  similar  forms  in  the  metaphase.  (4)  In 
the  spindle  the  rings  are  arranged  parallel  with  its  axis;  rods  Ue 
in  the  equatorial  plate.  (5)  Amiular  chromosomes  divide  directly 
into  half  rings  or  V's  after  more  or  less  approximation  of  the  two 
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extremities  in  the  equatorial  plate;  rods  are  pulled  apart  by 
gliding  along  each  other  in  the  equatorial  plate  until  separated. 
(6)  Fiben  attachment  is  either  median  or  subterminal.  (7) 
Anaphase  chromosomes  are  U's  or  Vs  for  median  fiber  attach- 
ment, or  J's  in  subterminal.  (8)  The  first  spermatocyte  division 
is  reductional.  (9)  In  the  second  spermatocyte  an  equation 
division  occurs. 

c.  Phasmidae 

Jordan  ('08  a,  '08  b)  presents  a  study  of  the  spermatogenesis 
of  the  Phasmid,  Aplopus  mayeri,  in  which  he  deals  at  length  only 
with  the  accessory  chromosome.  This  is  typically  Orthopteran 
in  its  behavior.  'Additional  facts  having  relation  to  maturation 
processes  are  that  the  35  chromosomes  of  the  spermatogonium 
become  reduced  during  synapsis  to  18,  of  which. one  is  the  acces- 
sory chromosome,  and  that  these  imdergo  a  prereduction.. 

As  a  part  of  a  comprehensive  study  of  Phasmid  structure  de 
Sin6ty  ('01)  reports  the  maturation  phenomena  in  the  male  of 
several  species.  Since  his  conclusions  have  been  discussed  in 
connection  with  Oedipoda  they  will  not  be  taken  up  here. 

/.  Forficulidae 

Zweiger  ('07)  reaches  the  following  conclusion  from  his  study 
of  the  spermatogenesis  of  Forficula  auricularia:  (1)  The  haploid 
nuihber  of  chromosomes,  12  or  13,  is  reached  through  a  telo- 
sjmapsis  of  the  24  or  26  chromosomes  of  the  spermatogonimn. 
(2)  Tetrads  in  the  form  of  rings  are  produced  by  the  folding 
of  longitudinally  spUt  bivalents  joined  end  to  end.  The  enclosed 
space  is  interchromosomal.  (3)  Concentration  of  the  prophase 
rings  results  in  the  formation  of  dmnb-bell  shaped  metaphase 
chromosomes.  (4)  These  are  placed  on  the  spindle  so  that  homol- 
ogous chromosomes  Ue  superimposed.  (5)  In  the  metaphase 
these  are  merely  separated  from  each  other.  (6)  Position  of 
fiber  attachment  is  not  described  but  it  must  be  median.  (7) 
The  anaphase  chromosomes  are  spherical  bodies.  (8)  By  sep- 
aration of  whole  spermatogonial  chromosomes  the  first  sperma- 
tocyte mitosis  becomes  a  reduction  division.     (9)  In  the  second 
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spermatocyte  homologous  chromosomes  divide  longitudinally 
and  so  undergo  an  equation  division. 

Randolph  ('08)  gives  an  outline  account  of  the  spermntogenesis 
in  the  earwig,  Anisolabis  maritima,  dealing  principally  with  the 
accessory  chromosomes  which  are  regarded  as  similar  to  an 
equal  pair  of  idiochromosomes.  No  detailed  description  of 
chromosome  behavior  is  given  except  that  the  24  spermatogonial 
chromosomes  become  reduced  to  12. 

Stevens  ('10)  gives  the  results  of  her  studies  upon  the  sperma- 
togenesis of  Forficula  auricularia.  Briefly  stated,  her  conclusions 
are  that  the  diploid  chromosome  number,  including  an  unequal 
idiochromosome  pair,  is  24.  This,  by  a  telosynapsis  of  the 
typical  insect  character,  produces  a  haploid  nimiber  of  12.  The 
first  spermatocyte  prophase  shows  the  chromosomes  in  the  form 
of  loops,  U's,  rings  and  figures  of  8,  with  an  occasional  cross. 
A  reduction  division  follows  after  the  concentration  of  the  chromo- 
somes. Occasional  variations  in  the  niunber  of  second  spermato- 
cyte chromosomes  are  ascribed  to  precocious  division  of  the  small 
idiochromosome. 

Sutton  COO,  '02,  '03)  Baumgartner  ('02),  Nowlm  ('08),  Pinney 
('08),  Robertson  ('08)  and  Carothers  ('13)  have  studied  various 
species  of  Orthoptera  in  my  laboratory  and  their  interpretations 
do  not  dififer  from  mine  in  any  essential  respects.  For  this  reason 
I  shall  not  enter  fiuiiher  into  a  consideration  of  their  work  here. 

CONCLUSIONS 

With  the  results  of  the  various  investigators  before  us  it  is  now 
possible  to  draw  comparisons  and  to  arrive  at  conclusions.  Such 
comparisons  may  advantageously  be  made  under  the  various 
headings  that  have  been  used  in  outlining  the  results  of  individual 
investigations. 

a.  Relation  between  chromosomes  of  the  fir^  spermatocyte  prophase 
and  those  of  the  spermatogonium 

1.  Concerning  the  relation  existing  between  the  chromo- 
somes of  the  first  spermatocyte  and  of  the  spermatogonimn  there 
are  three  theoretical  possibiUties.     (a)  The  chromosomes  of  the 
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first  spermatocyte  may  be  entirely  new  structures,  having  no 
relation  either  in  material  or  in  form  to  those  of  the  spermato- 
goniimi,  (b)  they  may  be  derived  in  substance  only  from  the 
spermatogonial  elements,  or  (c)  they  may  individually  be  de- 
scended from  similar  structures  without  loss  of  identity  other 
than  that  involved!  in  the  processes  of  chromatin  metaboUsha. 
All  these  conceptions  have  found  expression  in  studies  on  Orthop- 
teran  material. 

Granata  ('10),  adopting  the  views  of  GigUo-Tos,  argues  for  a 
purely  chemical  explanation  of  chromosome  behavior  and  so 
removes  his  interpretations  from  a  direct  comparison  with  the 
work  of  others.  Despite  this  extreme  view  he  is  constrained 
to  admit  the  presence  of  a  chromosome  series,  constant  iR  niunber 
and  in  size  relations,  with  an  exact  reduction  of  the  euchromo- 
somes*  to  the  haploid  number  of  maturation.  No  other  investi- 
gator has  made  an  appeal  from  morphological  conceptions  and 
since  Granata's  interpretation  is  purely  theoretical  it  need  not  be 
discussed  further,  while  so  much  remains  to  be  done  by  observa- 
tion. 

For  the  second  possibiUty  there  are  more  advocates,  although 
it  is  often  rather  by  inference  than  by  exact  statement  that  this 
appears  in  the  accounts.  For  while  some  profess  a  beUef  in  the 
genetic  continuity  of  the  chromosomes  they  yet  describe  a  double 
longitudinal  division  or  a  double  cross  division.  Persistent 
chromosome  individuaUty  is,  however,  possible  only  in  the  pres- 
ence of  a  segregation,  or  reduction  division  during  maturation. 
With  this  imderstanding  of  the  case  Wilcox  and  Otte,  conceiv- 

*  The  word  'euchromosome'  I  shall  employ  to  distinguish  those  without  any 
marked  peculiarities  of  form  or  behavior.  Montgomery's  term  'heterochromo- 
some'  might  advantageously  be  used  as  an  antonym,  signifying  any  general  varia- 
tion of  structure  or  behavior.  Subclasses  within  the  general  term  heterochromo- 
somes  could  be  constituted  imder  the  headings  ^diochromosomes'  (Wilson)  to 
include  paired  sex  chromosomes;  'accessory  chromosome'  (McClung)  to  distin- 
guish the  impaired  sex  element;  'microchromosomes'  (Wilson)  to  designate  small 
compact  chromosomes  not  connected  with  the  sex  chromosomes.  I  believe  it 
much  preferable  to  use  the  genetic  word  'chromosomes'  in  all  terms  denoting  such 
cell  elements  and  to  mark  their  specific  differences  by  qualifying  terms,  rather 
than  to  coin  entirely  new  names  for  them  in  which  no  intimation  of  their  relations 
is  included. 
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ing  the  presence  of  a  double  cross  division,  and  de  Sin6ty  and 
Vejdovsky  a  double  longitudinal  division,  must  be  recorded  as 
upholders  of  a  mere  substance  relation  between  the  chromosomes 
of  the  two  generations  of  germ  cells.  Wilcox  and  de  Sin6ty  fail 
to  effect  a  careful  analysis  of  these  relations  and  a  detailed  criti- 
cism of  their  accounts  will  not  be  imdertaken. 

Otte  expresses  his  beUef  in  the  genetic  continuity  of  the  chro- 
mosomes and  describes  a  parasynapsis  of  spermatogonial  deriva- 
tives in  the  first  spermatocyte,  and  yet  beUeves  that  there  are 
two  cross  divisions  without  any  reduction.  Vejdovsky,  on  the 
contrary,  from  studies  upon  other  Locustidae,  argues  for  a  com- 
plete fusion  of  homologous  spermatogonial  chromosomes  to  form 
a  new  mixochromosome,  which  is  later  divided  twice  longitudi- 
nally. It  is  thus  seen  that  the  two  recent  workers  upon  Locustid 
material,  who  doubt  the  occurrence  of  a  reduction  division,  both 
beUeve  in  the  preservation  of  integrity  of  the  chromosomes,  but 
in  one  case  through  a  double  cross  division  and  in  the  other 
through  a  double  longitudinal  cleavage. 

Opposed  to  these  few  contradictory  advocates  of  doubtful  or 
impossible  processes  for  the  preservation  of  chromosome  conti- 
nuity are  the  large  nimiber  who  perceive  and  describe  the  only 
possible  means  for  ensuring  it — through  a  temporary  imion  of 
homologous  chromosomes  and  their  later  segregation  in  one  of  the 
spermatocyte  divisions.  While  there  are  differences  of  opinion 
about  the  details  of  processes,  there  is  agreement  regarding  the 
end  results.  Always  in  some  form  the  opinion  is  expressed  by 
the  other  students  of  Orthopteran  spermatogenesis  that  because 
of  their  organization  the  chromosomes  may  be  identified  in  the 
first  spermatocyte  as  the  descendants  of  the  ones  foimd  in  the 
preceding  spermatogoniimi.  All  find  a  pseudoreduction  which 
they  ascribe  to  associations  between  the  members  of  the  diploid 
group.  There  is  a  constant  specific  niunber  and  there  are  recog- 
nizable, in  most  cases,  either  individual  chromosomes,  or  groups 
of  them,  which  may  be  traced  from  one  cell  generation  to  the 
next. 

Criteria  for  such  identifications  are  furnished  by  differences 
in  size,  form  and  behavior  and  they  apply  with  great  exactness 
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in  the  studies  of  different  investigators,  working  upon  similar 
materials  secured  from  widely  different  sources,  and  through  a 
great  variety  of  technical  methods.  As  a  most  marked  instance 
of  such  concordance  of  results  may  be  mentioned  the  accoimts 
of  spermatogenesis  in  Stenobothrus.  This  genus  has  been  studied 
very  generally  and  by  cytologists  of  Fraiice,  England,  and  America 
— Camoy,  deSin^ty,  Girard,  Meek,  Davis — ^and  yet  the  pub- 
lished accoimts  upon  the  same  species  show  practical  agreement 
upon  the  imiformity  of  mmiber,  sizes,  forms  and  behavior  of  the 
chromosomes  in  different  generations.  If  there  were  not  genetic 
relations  of  the  most  exact  character  such  agreements  would 
be  impossible.  In  a  similar  way,  with  the  exception  of  the 
Stenobothrus-like  species,  and  Pamphagus,  the  students  of  the 
Acrididae  have  reported  a  reduction  of  the  23  spermatogonial 
chromosomes  to  12.  Among  this  haploid  number  may  be  recog- 
nized the  impaired  accessory  chromosome  and  11  paired  elements 
whose  members  correspond  in  size,  at  least,  with  those  of  the  pre- 
vious generation. 

Hoarding  the  details  of  such  a  relation  there  is  not  a  com- 
plete uniformity  of  opinion,  but  there  is  agreement  upon  the 
fact  that  by  an  association  between  definite  members  of  the  sper- 
matogonial complex  there  are  produced  the  bivalent  structures 
of  the  first  spermatocyte.  For  the  Acrididae  this  is  the  opinion 
of  Montgomery,  Davis,  Buchner,  Brunelli,  Sutton,  Finney, 
Nowlin,  Robertson,  Carothers  and  myself.  Although  the  other 
families  have  been  less  studied  these  genetic  relations  appear  to 
exist  in  the  Locustidae  according  to  Davis,  Buchner,  Stevens, 
and  by  both  Otte  and  Vejdovsk;^  despite  their  views  upon  the 
character  of  the  maturation  divisions.  For  the  Gryllidae  Baum- 
gartner  and  Payne;  for  the  Blattidae  Farmer  and  Moore,  Stevens, 
and  Wassilieff ;  and  for  the  Phasmidae  Jordan,  are  in  agreement 
on  the  direct  relation  between  the  spermatogonial  chromosomes 
and  those  of  the  first  spermatocyte. 

Of  the  greatest  importance  in  determining  the  relations  of 
chromosomes  to  each  other  in  successive  cell  generations  is  the 
behavior  of  the  accessory  chromosome.  There  is  almost  uniform 
agreement  regarding  its  direct  and  evident  continuity,  without 
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any  loss  of  identity,  from  the  spennatogonium  over  into  the 
first  spermatocyte.  It  was  at  first  regarded  as  very  different 
from  the  other  chromosomes  and  was  described  as  a  nucleolus 
by  many,  but  longer  study  has  taught  that  it  parellels  the  euchro- 
mosomes,  although  in  a  modified  form,  in  every  part  of  its  history 
except  in  actual  synapsis.  That  one  of  the  spermatogonia! 
complex,  in  most  cases  slightly  distinguishable  from  its  fellows 
throughout  the  ^division  period,'  should  pass  into  the  first  sper- 
matocyte without  loss  of  form  or  identity  and  there  perform  much 
the  same  evolutions  as  the  others,  while  still  remaining  distinctly 
delimited,  is  a  very  strong  piece  of  evidence  for  the  individual 
continuity  of  the  others. 

I  believe  therefore  that  it  may  fairly  be  said  that  the  evidence 
from  Orthopteran  studies  is  strongly  in  favor  of  the  view  that  the 
chromosomes  of  the  last  spermatogonial  mitosis  pass  over  as 
such  into  the  first  spermatocyte  where  they  appear  joined  together 
in  pairs.  As  I  have  stated  elsewhere  this  seems  to  me  a  f imda- 
mental  conception,  for  unless  we  are  dealing  with  structures  of 
definite  and  characteristic  organization  their  manoeuvres  in 
maturation  are  of  small  moment.  In  the  further  discussion  it 
will  therefore  bfe  assumed  that  the  establishment  of  the  concept 
of  chromosome  continuity  has  been  made  with  a  reasonable  degree 
of  certainty.  This  being  done  we  have  next  to  consider  the 
method  of  association  set  up  in  the  first  spennatocyte  chromo- 
somes and  the  forms  through  which  it  is  manifested. 

6.  Composition  of  chromosomes  in  the  first  spermatocyte  prophase 

A  thoroughgoing  consideration  of  the  composition  and  form 
of  the  first  spermatocyte  chromosomes  would  require  a  full  analy- 
sis of  the  complicated  series  of  changes  through  which  the  chromo- 
somes pass  after  the  last  spermatogonial  division,  when  they  enter 
into  the  tetrad  condition.  This  cannot  be  done,  for  we  are  yet 
lacking  a  sufficient  knowledge  of  these  stages.  We  can  but 
regard  the  haploid  group  of  the  first  spermatocyte  prophase  and 
find  therein  the  recognizable  members  of  the  unreduced  complex, 
which,  as  I  have  shown  elsewhere,  may  be  accomplished  very 
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definitely  in  many  c^ses.  The  problem  before  us  therefore, 
according  to  the  terms  of  the  argument  set  down,  is  to  analyse 
the  associated  spermatogonial  derivatives  and  to  determine  their 
relations  as  they  prepare  for,  and  undergo,  division  in  the  first 
spermatocyte. 

In  comparing  the  figures  of  the  different  investigators  a  strik- 
ing uniformity  in  the  outlines  of  the  chromosomes  is  apparent. 
Also  in  the  written  descriptions  there  is  always  mention  of  the 
occurrence  of  chromosomes  in  the  form  of  rods,  crosses,  rings, 
V's,  X's,  U's,  etc.  The  practical  uniformity  of  chromosome 
structure  throughout  the  group  seems  to  exist  beyond  question. 
Variation  inheres  therefore  in  the  interpretations  and  not  in  the 
structiu^es  themselves. 

It  will  suflBce  for  the  present  comparison  to  begin  a  considera- 
tion of  tetrad  formation  with  the  stage  wherein  the  chromo- 
somes have  taken  on  their  definitive  condition  and  yet  show  their 
constituent  parts.  For  convenience  of  discussion  also  the  differ- 
ent chromosome  forms  will  be  taken  up  individually  and  the 
opinions  of  various  authors  regarding  them  compared. 

i.  Rod-shaped  tetrads.  Of  all  those  appearing  at  this  time  the 
rod-shaped  chromosome  is  the  most  simple,  and,  according  to 
my  view,  is  the  fundamental  type.  It  seems  without  doubt  to 
be  constituted  of  two  spermatogonial  chromosomes  united  end 
to  end  with  their  longitudinal  clefts  coincident  and  with  their 
points  of  contact  indicated  by  more  or  less  divergence  of  their 
chromatids.  This  interpretation  is  given  to  the  structure  by 
Sutton,  Montgomery,  Davis,  Buchner,  Robertson,  Pinney, 
Nowlin,  Stevens  and  Wassilieff. 

So  far  as  the  actual  composition  of  the  rod  is  concerned  it  is 
of  no  consequence  whether  there  has  been  an  earUer  parasynapsis 
or  whether,  later,  there  is  pre-  or  post-reductuon.  Should  para- 
synapsis occur,  however,  there  is  a  possibility  that  the  plane 
of  separation  may  be  along  the  longitudinal  cleft  of  the  homol- 
ogous elements  instead  of  through  the  space  between  them. 
Extended  rods  in  the  metaphase  would  then  be  almost  completely 
divided  longitudinally  at  this  time.     Involved  in  this  is  also  the 
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question  of  the  position  of  fiber  attachment,  for,  in  case  there 
should  be  such  an  early  separation  of  the  chromatids  in  this  plane, 
the  point  of  fiber  attachment  would  still  be  at  the  synaptic  ends, 
whereas  if  there  were  a  segregation  division  at  this  time  it  would 
mean  a  shifting  of  the  fiber  attachment  to  the  opposite  ends. 

It  is  not  possible  to  come  to  a  complete  understanding  of  all 
these  changes  and  it  may  be  that  each  of  these  conditions  is  met 
in  different  forms.  There  are,  however,  a  number  of  significant 
facts  which  point  to  the  interpretation  I  have  advocated  from 
the  first,  i.e.,  of  longitudinally  split  rods  lying  extended  in 
the  equatorial  plate  with  the  median  sjmaptic  ends  directed 
toward  the  center  of  the  plate  and  with  fiber  attachment  at  this 
point.  One  of  these  is  the  case  of  the  unequal  tetrad  discovered 
by  Wenrich  in  Phrynotettix,  showing  di£ferential  ends  and  divid- 
ing so  that  each  daughter  cell  receives  equivalent  parts.  An- 
other is  an  also  unpublished  series  of  circiunstances  in  Trimero- 
tropis,  worked  out  by  Miss  Carothers,  showing  the  attachment 
of  the  so-called  plasmasomes  in  such  a  way  as  to  identify  daughter 
chromatids.  Here  also  the  parts  are  recognized  according  to 
my  description.  The  polar  granules  of  Miss  Pinney,  the  con- 
stancy of  fiber  attachment  in  Stenobothrus,  the  occurrence  of 
cross-shaped  chromosomes  in  the  metaphase  with  one-half  the 
separation  accomplished,  and  finally  the  appearance  in  Mecoste- 
thus  of  a  group  of  chromosomes,  all  but  the  smallest  of  which  lie 
extended  in  the  equatorial  plate,  form  a  mass  of  evidence  which 
is  most  convincing  when  taken  into  consideration  with  that  fur- 
nished by  other  chromosomal  forms. 

S.  V'Shaped  tetrads.  This  form  represents  only  a  slight  and 
imimportant  modification  of  the  simple  rod.  It  is,  as  has  been 
stated,  such  a  chromosome  bent  at  the  sjmaptic  point  in  the 
plane  of  the  longitudinal  cleft  with  more  or  less  separation  of 
the  chromatids  at  the  center.  Such  chromosome^  appear  in  the 
late  prophase  and  are  easily  recognizable  in  the  polar  view  of 
the  metaphase.  They  are  shown  in  thf.  figures  of  Sutton,  Baum- 
gartner,  Davis,  Nowlin,  Granata,  Pajme  and  Robertson. 

An  occasional  and  interesting  prophase  modification  of  the  V 
occurs  when  the  chromatids  separate  along  the  longitudinal 
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split  and  at  the  same  time  show  the  space  between  homologous 
chromosomes.  This  produces  a  double  V,  the  enclosed  spaces 
of  which  are  in  planes  perpendicular  to  each  other.  In  such  a 
structure  it  is  not  possible  to  distinguish  these  apart  and  it  is 
theoretically  possible  that,  in  the  subsequent  concentration, 
either  of  these  might  represent  the  plane  of  division  in  the  first 
spermatocyte.  Such  forms  do  not  appear  in  the  metaphase  and 
they  are  comparatively  rare  in  the  prophase.  In  principle  all 
the  tetrads  would  be  of  this  type  if  there  were  parasynapsis  and 
equal  separation  of  the  chromatids. 

S.  Cross-shaped  tetrads.  This  simple  form  of  chromosome  has 
been  subjected  to  the  most  inexplicable  misinterpretation  possible, 
ranging  from  a  practical  denial  of  its  presence  by  Wilcox,  Otte, 
Vejdovsk;^  and  Montgomery  to  the  strange  accounts  of  its 
formation  by  de  Sin6ty  and  BruneUi.  It  is  correctly  represented^ 
in  prophase  by  Stevens,  Sutton,  Davis,  Otte  and  Robertson, 
and,  in  a  modified  form,  due  to  the  shortness  of  th^  chromatids, 
by  Jordan.  Failure  to  appreciate  the  true  composition  of  this 
element  can  be  due  only  to  very  imperfect  or  superficial  obser- 
vation. Nothing  is  clearer  than  the  fact  that  the  four  arms,  at 
the  middle,  lie  in  the  same  plane  and  that  each  is  split  along  its 
length.  Such  appearances  as  are  shown  by  de  Sin6ty  in  figures 
123  and  124,  and  by  Bnmelli  Cll)  in  figures  12  and  13  never 
occur,  and  Montgomery's  supposed  X-shaped  chromosomes  in 
figure  31  is  in  reality  a  V  with  the  sjmaptic  ends  extended.  Both 
de  Sin6ty  and  BnmeUi  are  inexcusable  for  describing  the  cross 
as  two  superimposed  chromosomes.  Even  the  most  casual  in- 
spection will  show  that  the  limbs  lie  in  the  same  plane  and  have 
a  clear  diamond-shaped  opening  where  their  clefts  intersect. 
Such  figures  are  shown  in  the  first  spermatocyte  of  Brachystola 
by  Sutton  ('02,  figs.  6  and  7);  by  Stevens  ('05  in  Stenopelmatus, 
figs.  56,  58,  59  and  64);  by  Robertson  ('08  fig.  29);  by  Davis 
('08,  figs.  60, 166  to  168);  by  NowUn  ('08,  figs.  3,  5  and  7,  pi.  29, 
and  figs.  3,  4,  13,  14,  pi.  32);  and  by  Carothers  ('13,  fig.  28). 

4.  Ring-shaped  tetrads.  Such  tetrads  I  have  always  regarded 
as  of  the  greatest  significance,  and  I  am  now  even  more  firmly 
of  the  opinion,  if  possible,  that  they  present  most  clearly  the  real 
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composition  of  the  first  spermatocyte  chromosomes.  Objection 
has  been  made  by  Montgomery  that  they  are  complicated  and 
difficult  to  interpret,  but  I  do  not  beUeve  that  this  is  justified. 
He  also  states  that  they  are  transitory  prophase  stages  which 
rarely  persist  into  the  metaphase.  This  is  certainly  an  error,  as 
Robertson  has  shown  in  the  same  genus  studied  by  Montgomery, 
where  there  are  always  at  least  two  in  each  metaphase  complex 
and  may  be  as  many  as  seven.  A  fruitful  source  of  error  in  deter- 
mining the  method  of  division  in  the  ring  chromosomes  Ues  in 
the  failure  to  discriminate  between  such  rings  as  appear  in  Hip- 
piscus  and  most  other  Acrididae,  from  those  of  Stenobothrus. 
In  general  it  may  be  said  that  the  mere  structure  of  the  ring  is 
fairly  interpreted,  in  most  cases,  but  that  its  relation  to  the 
archoplasmic  fibers  and  its  actual  division  in  the  first  spermato- 
cyte mitosis  have  been  much  misunderstood.  Because  of  its 
significance  I  shall  make  a  careful  analysis  of  this  form  of  tetrad, 
as  reported  in  the  Orthoptera,  and  hope  to  make  clear  the  cause 
for  the  confusion  that  has  arisen. 

That  we  deal  here  with  a  universal  form  is  -indicated  by  the 
fact  that  it  is  described  and  figured  by  Wilcox,  Sutton,  de  Sin^ty, 
Baumgartner,  Montgomery  (prophase).  Farmer  and  Moore, 
Stevens,  Moore  and  Arnold,  Otte,  WassiUeff  (prophase),  Brunelli, 
Pinney,  Davis,  Robertson,  Gerard,  Jordan,  Morse,  Granata, 
Meek,  NowUn,  Hartman,  Vejdovsk^,  Carothers  and  myself. 
Indeed  it  may  be  said  that  practically  without  exception  every 
investigator  of  recent  years  who  has  made  a  careful  study  of  the 
maturation  stages  in  the  Orthoptera  has  seen  arid  figured  annular 
chromosomes.  It  would  appear  certain,  therefore,  that  if  a 
knowledge  of  the  structiu-e  and  division  of  such  elements  is 
attained  we  shall  have  made  an  important  and  significant  advance 
toward  a  comprehensive  imderstanding  of  all  chromosomes  in 
all  the  members  of  the  order. 

Essential  to  such  an  imderstanding  is  a  knowledge  of  the 
exact  structure  of  the  ring  in  the  prophase.  This  necessity  I 
have  always  felt,  and  in  my  first  paper  on  the  Acrididae  ('00, 
p.  94)  appears  this  statement  in  itaUcs:  "Too  much  importance 
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cannot  be  laid  upon  the  necessity  for  a  thorough  understanding 
of  the  early  formative  periods  in  the  history  of  the  first  spermato- 
cyte chromosomes.''  In  my  own  work,  and  in  that  of  my  stu- 
dents, this  stage  has  been  carefully  studied.  It  is  nothing  less 
than  amusing  therefore  to  read  BrunelU's  statement  that  I  have 
not  appreciated  the  real  nature  of  the  tetrads  because  of  failure 
to  study  their  formation  in  the  prophase.  On  the  contrary,  it 
was  just  through  such  a  study  that  I  was  saved  from  the  errors 
of  de  Sin^ty,  Davis,  Montgomery,  Buchner  and  Granata  in  in- 
terpreting the  ring  chromosomes,  as  I  hope  to  show. 

The  rings  first  appear  clearly  in  the  late  prophase,  following 
a  period  in  which  the  chromatin  is  much  diffused  and  almost 
unstainable.  At  this  time  the  general  forms  of  the  chromosomes 
may  be  recognized  in  the  hazy  shapes  within  the  nucleus,  and 
among  them  are  irregularly  outlined  rings.  Very  shortly  after 
this,  sometimes  even  in  other  regions  of  the  same  cyst,  a  central 
thread  of  darkly  staining  chromatin,  spht  along  its  length,  appears 
in  each  of  the  diffuse  masses.  Inunediately  one  recognizes  in 
the  outlines  thus  estabHshed  the  various  familiar  rods,  crosses, 
V's,  rings,  etc.  Early  in  this  period-  of  their  development  the 
four  chromatids  of  each  chromosome  he  approximately  parallel 
and  the  rings  are  therefore  much  flattened,  but  with  the  rapid 
concentration  of  the  hazy  masses  aroimd  their  axial  darkly 
staining  threads,  separation  occurs  and  the  rings  spring  open 
as  if  they  were  composed  of  elastic  rods  released  from  constraint. 
Such  rings  are  shown  in  figures  99  to  105  and  114  to  123. 

Misinterpretation  begins  here.  As  may  be  seen  by  inspection 
of  figures  100,  115,  118  and  119,  the  rings  are  not  plain  bands  but 
on  one  side  there  is  an  enlargement,  and  not  infrequently  there 
may  be  a  corresponding  one  opposite  this  (fig.  122).  When  such 
structiu^es  are  viewed  laterally  it  is  seen  that  each  elevation  from 
the  ring  is  continuous  with  the  half  of  the  ring  upon  the  same  side 
as  that  on  which  it  lies.  When  viewed  en  face  (fig.  127)  the  ring 
appears  as  a  cross,  in  which  case  the  upper  and  lower  arms  are 
represented  by  the  elevations  which  were  seen  in  lateral  view. 
From  this  it  is  clear  that  each  lateral  half  of  these  elevations  is 
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continuous  with  the  quarter  ring  from  which  it  arose.  In  other 
wordS;  it  may  be  stated  that  each  prophase  ring  is  divided  into 
superimposed  half  rings  by  the  longitudinal  division  of  the  con- 
joined homologous  chromosomes,  and  that,  by  a  plane  at  right 
angles  to  this,  and  passing  through  the  points  of  endwise  union 
of  the  homologous  chromosomes,  each  half  ring  is  divided  into 
quarter  rings.  There  is,  then,  no  difference  between  a  rod,  V 
or  ring  except  that  in  the  latter  the  free  ends  are  joined  as  at  the 
opposite  sjmaptic  ends.  Uniformity  of  construction  is  main- 
tained. Such  an  interpretation  of  annular  tetrads  is  given  by 
Sutton  C02,  figs.  5  to  7) ;  Baumgartner  ('04)  ;Pinney  ('08,  figs.  18  a, 
d,  e,  f,  h,  21);  Davis  ('08,  figs.  59  to  61,  85,  170  to  178);  Rob- 
ertson ('08,  figs.  26,  29);  Buchner  ('09,  fig.  41);  Granata  ('10, 
figs.  27  to  29,  text  fig.  1  g,  h,  i,  1,  m,  n,  o,  p). 

A  modification  of  this  method  of  ring  production  consists  in 
the  simple  approximation  of  the  two  longitudinally  split  chromo- 
somes without  divergence  of  their  synaptic  ends.  This  form  of 
ring  has  been  reported  for  the  Acrididae  only  by  de  Sin6ty  and 
by  Montgomery  and  their  figures  are  of  doubtful  character.  In 
the  Locustidae,  Otte  and  VejdovskJ^  figure  such  rings  along  with 
others  of  the  first  type  and  it  is  probable  that  they  overlooked 
small  indications  of  divergence,  for  in  my  own  studies  of  this 
family  no  marked  differences  from  the  Acrididae  appeared. 

Opposed  to  such  a  conception  of  ring  formation  is  one  in  which 
the  elevations  just  described  as  being  constituted  of  diverging 
members  of  two  superimposed  half  rings,  are  regarded  merely 
as  accidental  crossings  of  the  free  ends  of  synaptic  mates.  No 
reason  is  assigned  for  the  maintenance  of  this  chance  relation 
through  the  subsequent  chromosome  movements  during  which 
extensive  adjustments  take  place  which  might  reasonably  be 
supposed  to  change  or  obliterate  it.  Doubtless  such  relations 
do  occur  in  the  prophase  but  upon  close  analysis  it  becomes  very 
evident  that  they  are  not  permanent  and  do  not  have  a  meaning 
opposed  to  that  of  the  fii*st  interpretation.  It  is  most  significant 
that  in  all  the  figures  drawn  by  those  who  hold  to  the  second 
type  not  a  single  one  represents  a  ring  en  face — the  point  of  view 
from  which  the  constitution  of  the  ring  is  indubitable.     I  think  it 
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may  therefore  be  asserted  beyond  any  reasonable  doubt  that  the 
annular  chromosomes  of  the  first  spermatocyte  prophase  are 
constituted  as  the  great  majority  of  investigators  have  described 
and  figured  them. 

c.  Relation  of  the  chromosomes  of  tiie  first  spermatocyte  metaphase 
to  those  of  the  prophase 

There  is  little  or  no  difference  of  opinion  regarding  the  passage 
into  the  metaphase  of  the  chromosome  forms  found  in  the  pro- 
phase. With  r^ard  to  the  rings  Montgomery  states  that 
although  they  are  common  in  the  prophase  of  Syrbula  they  occur 
but  rarely  in  the  metaphase.  Robertson,  however,  showed 
clearly  that  this  was  an  en^or.  It  may  therefore  be  confidently 
asserted  that  the  structural  conditions  shown  by  the  prophase 
chromosomes  are  carried  over  into  the  metaphase,  suffering 
only  such  modifications  as  result  from  continued  condensation 
and  possible  chromatid  movements. 

d.  History  of  the  tetrads  in  the  first  spermatocyte  mitosis 

1.  Rodrshaped  tetrads.  Reference  has  already  been  made  to 
the  position  of  the  rod-shaped  chromosomes  in  the  first  spermato- 
cyte metaphase.  That  rods  elongated  in  the  spindle  axis  occur 
is  not  denied  by  any  one;  that  they  occur  extended  in  the  equa- 
torial plate  and  divide  in  its  plane  is,  however,  disputed.  My 
description  of  the  actual  occurrence  of  rods  extended  in  the  plane 
of  the  future  cleavage  and  of  their  subsequent  movements  has 
been  criticised  by  Montgomery,  Davis  and  Gregoire  as  an  assump- 
tion of  complicated  changes.  The  case  of  Mecostethus  is  a  suffi- 
cient answer  to  any  such  criticism,  for  here  nearly  all  the  chromo- 
somes lie  in  the  equatorial  plate  and,  since  the  fibers  attach  at 
the  middle  sjmaptic  points,  all  the  movements  of  division  have 
to  take  place  by  an  extension  of  the  axial  arms  at  the  expense  of 
the  equatorial.  Because  of  the  unusual  length  of  some  of  these 
chromosomes,  however,  instead  of  the  chromatids  remaining  in 
contact  entirely  through  this  transformation,  as  usual,  they  sepa- 
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rate  before  the  mid  period  of  the  movement  and  so  appear  as  V's 
instead  of  as  extended  rods. 

While  Mecostethus  presents  an  extreme  case,  it  is  not  at  all 
unique  and  many  species  show  one  or  more  of  the  same  type  of 
rods  in  metaphase.  Wherever  found  they  show  a  fiber  attach- 
ment at  the  middle  point  and  pass  from  the  rod  shape,  through 
that  of  the  cross,  to  the  rod  again,  but  now  extended  in  the  spindle 
axis  and  with  an  approximation  of  homologous  chromatids  instead 
of  sister  elements.  This  approximation  is  retained,  in  most  cases, 
until  the  complete  separation  of  the  metaphase  chromosomes, 
whereupon  the  chromatids  spring  apart  and  move  toward  the 
poles  as  Vs.    Obviously  this  is  an  equation  division. 

2.  The  V'Shaped  tetrad.  As  has  already  been  stated  the  V- 
shaped  chromosomes  of  the  metaphase  represents  merely  the 
rod  type  bent  at  the  point  of  fiber  attachment,  so  that  the  apex 
is  directed  toward  the  spindle  axis.  Such  forms  are  rarely  repro- 
duced in  the  figures  of  investigators  for  the  reason  that  polar 
views,  from  which  point  only  they  are  visible,  are  not  given.  At- 
tention has  already  been  directed  to  this  neglect.  Mecostethus 
is  Jthe  most  striking  instance  of  the  occurrence  of  such  chromo- 
somes, but,  as  may  be  noted  in  plates  accompanying  this  paper, 
they  are  common  in  Hippiscus,  Tropidolophus,  Hesperotettix  and 
Mestobregma.  Robertson  shows  in  a  series  of  complexes  the 
forms  of  the  individual  chromosomes  in  the  first  spermatocyte 
metaphase,  mainly  in  polar  view,  and 'here  it  is  seen  that  the  ones 
numbered  3,  4,  6,  7,  8  and  10  may  appear  as  Vs.  If  not  in  this 
form  they  are  rings  viewed  laterally.  V-shaped  chromosomes  may 
only  with  some  difficulty  be  distinguished  from  rods  or  rings.  En 
face  they  are  again  similar  to  these  forms,  and  all  of  them  resem- 
ble the  crosses.  These  facts  are  very  suggestive  of  the  fundamen- 
tal unity  of  form  underlying  all  the  diverse  shapes  present  in  the 
first  spermatocyte.  In  actual  division  the  V's  are  not  to  be 
distinguished  from  the  rods. 

S.  The  cross-shaped  tetrad.  While  V's  are  a  feature  of  the  polar 
aspect  of  the  metaphase  figure,  crosses  appear  only  in  lateral 
views,  and  then  only  when  the  chromosomes  are  regarded  en  face. 
While  simple  crosses  occiu*,  other  chromosomes  may  present 
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this  aspect  when  studied  from  the  same  position.  Rings,  rods 
and  V's  all  look  alike  when  viewed  from  the  spindle  axis  in  the 
equatorial  plate.  This  is  not  a  mere  superficial  resemblance 
but  represents  fundamental  community  of  structure.  In  every 
case  the  cross  is  the  result  of  the  approximation  of  four  chroma- 
tids in  such  a  way  that  each  chromatid  is  bent  upon  itself  at  right 
angles  and  so  set  that  this  angle  is  one  of  four  grouped  about  a 
center.  This  center  appears  as  a  diamond-shaped  opening, 
in  favorable  cases,  but  in  the  metaphase  is  usually  apparently 
obUterated.  The  arms  of  the  cross  to  which  the  fibers  attach 
are  approximately  straight  but  the  remaining  two  may  be  bent* 
in  any  degree,  even  to  the  formation  of  rings. 

Because  the  cross  comes  into  view  from  the  lateral  aspect  of  the 
mitotic  figure,  it  is  common  in  the  illustrations  of  many  papers. 
DeSin^ty  ('01)  shows  such  chromosomes  in  figures  87,  88,  110, 
124,  131  and  137;  Baumgartner  ('04)  in  figures  13,  14,  16,  18 
and  19;  Moore  and  Arnold  ('06)  text  figure;  Pinney  ('08)  in  fig- 
ure 24;  Buchner  ('09)  in  figures  49,  51,  52  and  55;  Granata 
in  his  text  figures  d  and  e;  NowHn  C08);  ('13),  figiu'es  15, 
18  of  plate  29,  figures  3  and  4  of  plate  30,  figures  25,  26  of 
plate  31,  figures  19.  of  plate  32;  Carothers  ('13)  in  figures  29, 
30,  31  and  47. 

By  most  investigators  these  metaphase  tetrads  are  represented 
objectively  as  they  present  themselves  in  stained  preparations. 
Their  interpretation  depends  upon  a  knowledge  of  their  structiu*e 
gained  from  the  prophase,  and  by  most  students  of  the  Orthop- 
tera  they  are  conceived  to  be  the  four  armed  figures  with  a  cleft 
the  length  of  each  arm,  apparent  in  the  prophase  but  obscured 
by  the  concentration  of  the  metaphase  chromosomes.  De  Sin^ty 
('01),  however,  in  his  figure  124  a,  represents  a  cross  of  two  super- 
imposed, independent  chromosomes  lying  over  each  other  at  right 
angles.  Similarly,  BruneUi  ('11)  in  figures  12  and  13  shows 
crosses  thus  constituted.  Both  of  these  authors  unconsciously 
represent  the  cross  correctly,  de  Sin6ty  in  his  figures  124  c,  131 
and  137,  Brunelli  in  his  figure  14.  The  practical  unanimity  of 
opinion  on  this  very  clear  question  makes  any  further  discussion 
of  it  unnecessary. 
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The  movements  of  the  chromatids,  the  relation  of  the  spindle 
fibers  to  the  chromosomes  and  the  form  of  the  anaphase  chromo- 
somes is  similar  to  those  of  the  rods  and  V's,  so  need  not  be  con- 
sidered here.  The  important  matter  in  connection  with  the 
crosses  is  to  understand  that  they  represent  a  mid-stage  in  the 
movement  of  the  chromatids,. either  in  prophase  or  in  metaphase. 

4.  Ring-shaped  tetrads.  If  confusion  exist  in  reports  of  the 
prophase  condition  of  the  rings,  it  is  certainly  multiplied  when 
attempts  are  made  to  describe  the  metaphase  forms.  Here  are 
added  a  number  of  factors  which  complicate  the  problem,  but 
» which  yet  give  meaning  to  the  chromosomes  and  to  their  move- 
ments. We  approach  an  analysis  of  the  metaphase  conditions 
fortified  by  a  reasonably  strong  consensus  of  opinion  regarding 
(1)  the  relations  of  the  chromosomes  of  this  period  to  those  <rf 
the  spermatogoniimi,  and  (2)  concerning  the  inner  structure  of 
the  tetrads.  Also  (3)  these  are  traced  into  the  metaphase,  where 
we  have  to  note  (4)  their  position  in  the  mitotic  figure,  (5)  the 
movements  of  the  parts,  (6)  their  relation  to  the  archoplasmic 
fibers,  (7)  their  character  after  separation.  These  will  first  be 
discussed  for  the  Hippiscus  type  of  rings  and  then  for  the  Steno- 
bothrus  type. 

(1)  It  is  now  universally  admitted  that  the  chromosomes  of 
the  first  spermatocyte  are  made  up  of  four  chromatids,  and  a  large 
nimiber  of  cytologists  beheve  that  two  of  these  are  of  maternal 
and  two  of  paternal  origin  from  the  homologous  pair  of  spermato- 
gonial  chromosomes.  In  the  rings  (2)  they  are  so  disposed  that 
the  maternal  pair  constitute  one-hidf  the  periphery  of  the  ring, 
the  paternal  pair  the  other,  with  the  direction  of  the  longitudinal 
cleavage  passing  through  the  arms  of  the  ring  parallel  to  the 
plane  in  which  they  He,  so  as  to  produce  two  superimposed  rings, 
alike  in  their  derivation.  (3)  The  metaphase  sees  these  same 
forms  placed  in  the  mitotic  figure  where  (4)  they  lie  as  rings  ex- 
tended in  the  equatorial  plate,  so  that  they  are  visible  from  the 
pole  of  the  spindle.  In  most  cases  they  he  perfectly  flat  in  this 
plane  so  that  the  entire  ring  is  sharply  in  focus  at  one  time,  with 
the  exception  of  the  synaptic  extension,  first  seen  in  the  prophase, 
which  now  lies  at  a  point  nearest  the  axis  of  the  spindle  and 
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shows  as  a  darker  spot  at  both  high  and  low  focus.  Usually  these 
two  extensions  fall  within  the  width  of  the  ring's  wall  and  both 
are  in  the  same  vertical  axis.  Sometimes  the  annular  body  is  more 
pointed  at  this  inner  side  and  the  extensions  may  fall  beyond  the 
outer  limits  of  the  ring  proper.  Under  such  circimistances  the 
enclosed  space  becomes  drawn  out  in  this  direction  also  and  passes 
somewhat  into  the  extended  wall  of  the  ring  (figs.  21  to  30, 129  to 
133) .  Should  the  diameter  of  the  curved  rods  be  large  in  proportion 
to  their  length,  the  enclosed  space  is  small,  or  may  even  disappear, 
and  a  cleft  shows  in  the  outer  margin  where  non-syiiaptic  ends  are 
in  contact  (figs.  2,  3, 11).  Viewed  laterally  or  en  face  the  annular 
chromosomes  are  with  difficulty  distinguishable  from  the  V/s  and 
crosses  (figs.  8,  9,  10,  25,  111),  but  obUque  views  are  very  clear 
and  convincing  (figs.  83, 133).  (5)  In  division,  diuing  the  sper- 
matogonial  mitoses,  chromatids  lying  superimposed,  are  sepa- 
rated from  each  other,  begining  at  the  inner  end,  where  the  fiber 
attaches,  and  moving  in  the  same  vertical  plane  to  opposite 
poles  of  the  spindle.  Mecostethus  shows  exactly  the  same  con- 
ditions in  the  first  spermatocyte  except  for  the  fusion  in  pairs 
of  homologous  chromosomes.  Ring-shaped  chromosomes  of 
the  Hippiscus  type  maintain  the  same  spatial  relations  in  the 
cell  and  undergo  similar  movements  of  the  chromatids. 

(6)  Of  much  importance  is  the  fiber  attachment  for  determin- 
ing fixed  points  on  the  chromosomes.  As  has  been  shown,  par- 
ticularly in  Stenobothrus,  the  point  at  which  the  fiber  attaches 
remains  the  same  from  one  generation  of  cells  to  the  other. 
Where  all  the  chromosomes  are  straight  rods  in  the  spermato- 
gonium this  point  is  always  at  the  inner  ends,  and,  in  the  first 
spermatocyte,  the  chromosomes  occupy  a  similar  position,  as 
in  Mecostethus,  with  the  single  exception  that  they  are  now 
joined  in  pairs.  Where  rings  appear  these  relations  are  again 
preserved,  only  fusion  has  occurred  at  both  ends  of  the  univalent 
chromosomes.  Terminal  fiber  attachment  and  rings  of  the 
Hippiscus  type  always  occur  together.  (7)  On  separation  all  the 
anaphase  chromosomes  are  simple  V's  and  the  former  elements 
of  the  rings  are  no  longer  distinguishable  from  the  other  deriva- 
tives (figs.  5,  6,  7,  35). 
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Similar  views  with  regard  to  the  rings  are  held  by  Sutton, 
Pinney,  Stevens,  Robertson,  Granata,  Nowljn  and  Carothers. 
In  the  accounts  and  figures  of  these  investigators  is  found  sub- 
stantial confirmation  on  each  of  the  points  of  observation  that 
I  have  just  discussed.  It  is  important  to  note  here  that  among 
these  are  careful  detailed  studies  of  the  rings  in  the  prophase 
and  representations  of  them  not  only  in  lateral  view  but  also 
from  above  and  en  face.  Such  aspects  of  the  rings  are  conspic- 
uously lacking  in  the  figures  of  those  who  favor  the  other  explana- 
tion of  ring  formation  and  division.  The  numerous  tabulated 
drawings  of  chromosome  complexes  in  polar  view  by  Robertson 
demonstrate  the  almost  imiform  occurrence  of  the  rings  in  the 
equatorial  plate — a  circumstance  that  is  not  mentioned  by  the 
advocates  of  prereduction. 

The  second  form  of  .explanation  of  the  behavior  of  the  rings  in 
the  first  spermatocyte  was  advanced  by  de  Sin^ty  and  was  later 
endorsed  by  Montgomery,  Davis,  Buchner  and  Brunelli.  It 
contradicts  the  one  just  discussed  in  these  points:  (a)  The  rings 
lie  in  the  axis  of  the  spindle  and  are  visible  on  the  margin  of  the 
complex  in  lateral  view  (deSin6ty,  fig.  131;  Buchner,  fig.  55; 
Montgomery,  fig.  23;  Davis,  figs.  63  and  64) ;  (b)  fiber  attachment 
is  opposite  the  synaptic  ends  (de  Sin6ty,  figs.  123,  131 ;  Buchner, 
fig.  55;  Montgomery,  fig.  33;  Davis,  fig.  63);  (c)  the  synaptic 
ends  are  directed  away  from  the  spindle  axis;  (same  figs,  cited 
under  6);  (d)  the  plane  of  chromosome  separation  hes  perpen- 
dicular to  thc^  equatorial  plate  (Sin^ty,  fig.  312;  Montgomery,  fig. 
33);  (e)  whole  univalent  chromosomes  separate  from  each  other; 
(f)  they  pass  across  the  equatorial  plate  and  go  to  the  pole  on  the 
opposite  side  (Sin^ty,  fig.  131;  Buchner,  fig.  55;  Montgomery, 
figs.  32  and  33;  BruneUi,  figs.  14  and  15);  (g)  the  diverging  ends 
of  the  chromosomes  to  which  the  fibers  attach  do  not  he  super- 
imposed but  are  displaced  laterally  (no  views  en  face  are  given  by 
any  advocates  of  this  method)  and  there  would  be  no  resemblance 
to  the  crosses  or  V's  regarded  from  the  same  point  of  view.  The 
two  interpretations  may  fairly  be  contrasted  by  saying  that, 
according  to  the  first,  uniformity  of  relations  throughout  the  cell 
generations,  and  between  elements  of  the  complex,  is  preserved; 
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while  according  to  the  second  diversity  must  rule  under  these 
circumstances.  In  one  instance  position  of  fiber  attachment, 
relation  to  the  spindle,  position  of  daughter  chromatids,  and 
method  of  division  remain  the  same;  in  the  other,  these  are  sub- 
ject to  variation  in  greater  or  less  degree.  It  will  not  be  neces- 
sary to  consider  at  length  the  disagreements  between  the  views, 
for,  in  presenting  my  interpretation,  I  have  already  gone  into 
these  matters.  There  are,  however,  some  specific  objections 
which  I  should  like  to  urge  agaiust  the  evidence  presented  on 
the  various  points  which  I  have  distinguished  as  characteristi- 
cally different  in  the  second  account,  and  these  I  will  take  up  in 
order. 

a.  Position  of  ring  in  the  first  spermatocyte  metaphase.  Sin6ty 
represented  this  (fig.  131)  as  being  so  placed  that  the  central 
opening  becomes  visible  in  lateral  view.  In  this  he  was  followed 
by  Davis  and  Buchner,  while  Montgomery  and  Brunelli  fail  to 
show  exactly  such  appearances,  but  represent  extended  chromo- 
somes with  their  inner  ends  being  pulled  past  each  other.  Davis 
illustrated  his  interpretation  by  rope  models  very  clearly.  To 
one  familiar  with  the  conditions  it  is  apparent  that  what  de 
Sin^ty  and  Davis  saw  were  oblique  views  of  rings  near  the  end 
of  their  division,  while  Montgomery  and  Brunelli  were  con- 
fronted by  lateral,  edgewise  views  of  rings  which  they  failed  to 
interpret  as  such,  definitely,  because  they  had  not  suflSciently 
studied  polar  views.  I  believe  this  criticism  is  justified  for  the 
polar  aspect  of  the  chromosomal  complex  is  so  striking  and  so 
illuminating  that  if  it  had  been  appreciated  it  would  have  been 
figured.  (Brunelli  shows  in  fig.  13  a  complex  before  the  full 
establishment  of  the  equatorial  plate.)  Few  or  no  complete 
complexes  are  represented  by  these  authors — a  striking  con- 
trast to  the  large  series  pictured  by  Robertson.  To  some  extent 
also  this  criticism  lodges  against  Davis  and  Buchner.  The  former 
represents  no  polar  views  in  his  carefully  prepared  plates  and 
only  two  in  outline  text  figures  while  Buchner  shows  but  one, 
in  which  no  attempt  is  made  to  indicate  the  structure  of  the 
chromosomes.  A  mere  inspection  of  the  numerous  drawings 
and  photographs  given  in  this  paper  will  be  sufficient  to  show 
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that  the  rings  really  lie  in  the  plane  of  the  equatorial  plate  and 
not  parallel  to  the  spindle  axis. 

6.  Fiber  attachment.  This  is  always  nearest  the  axis  of  the 
spindle,  therefore  if  it  be  at  the  free  ends  of  synaptic  mates  the 
point  of  imion  must  be  directed  away  from  the  spindle.  This 
means  either  that  the  fiber  attachment  has  shifted  to  the  opposite 
end  from  that  in  the  spermatogonium,  or  that  synapsis  has  been 
at  the  distal  ends.  The  evidence  seems  to  point  strongly  to  fixity 
of  fiber  attachment,  and  if  whole  spermatogonial  chromosomes 
were  separated  in  the  first  spermatocyte,  synapsis  would  have 
to  occiu*,  or  at  least  persist,  longest  at  the  distal  ends.  Either 
assumption  calls  for  differences  between  the  rings  and  the  other 
forms  of  tetrads  instead  of  conformity  with  them. 

c.  Position  of  synaptic  ends.  If  fiber  attachment  is  at  the  free 
ends  of  synaptic  pairs  then  of  necessity  the  fused  ends  must  be 
directed  away  from  the  spindle.  This  is  just  the  opposite  of  the 
conditions  which  certainly  prevail  in  the  case  of  Mecostethus 
and  all  other  forms  with  V-shaped  tetrads.  Not  only  the  pro- 
phase structure  of  the  rings  but  all  other  considerations  of  order 
in  the  behavior  of  the  chromosomes  speak  against  this  view.  It 
should  be  noted  that  neither  Davis  nor  Buchner,  who  figure  the 
rings  with  divergent  cross-shaped  synaptic  ends  in  the  prophase, 
show  this  condition  at  the  outer  extremity  of  the  rings  in  the  meta- 
phase.    Here  again  is  diversity  conceived  in  place  of  uniformity. 

d.  Relation  of  division  plane  to  equatorial  plate.  In  the  division 
of  chromosomes,  planes  of  cleavage  lie  within  that  of  the  equato- 
rial plate,  at  least  at  the  inner  end  where  are  attached  the  archo- 
plasmic  fibers.  By  the  interpretation  of  de  Sin6ty  and  his  fol- 
lowers this  is  not  true,  for  the  chromosomes  are  pulled  past 
each  other  in  the  plane  of  the  spindle  axis.  This  is  not,  in  fact,  a 
division  of  the  chromosomes  in  the  proper  sense  of  the  term, 
but  is  a  mere  disjunction,  but  one  step  removed  from  the  exploded 
'primary  type'  of  Goldschmidt.  It  is  to  be  noted  here  that  in 
the  case  of  Stenobothrus,  where  a  segregation  division  occurs, 
the  rings  show  extensive  movements  of  the  chromatids  during 
the  metaphase.  Divergence  from  normal  behavior  is  again 
involved  in  this  explanation. 
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e.  Movements  of  chromatids.  Whole  imivalent  chromosomes 
are  separated  bodily  by  this  form  of  division,  according  to  the 
explanation  of  Montgomery,  Davis  and  Buchner,  but  because 
of  his  conception  of  a  double  longitudinal  division,  de  Sin6ty  sees 
in  it  an  equation  division.  The  evidence  against  this  has  already 
been  given  and  will  not  be  repeated  here. 

/.  Relation  of  chromosomes  to  spindle  poles.  According  to  de 
Sin6ty  and  those  who  follow  him,  there  is  described  a  most  imique 
movement  of  the  chromosomes  involved  in  the  ring.  Instead 
of  passing  to  the  spindle  pole  toward  which  they  lie,  they  cross 
over  to  the  opposite  side.  All  explanations  of  cell  division,  which 
involve  an  element  of  organization  finding  expression  in  the  bi- 
polar condition  of  the  cell  parts  at  this  time,  are  controverted 
by  such  a  process.  I  feel  convinced  that  there  is  no  such  condi- 
tion of  the  chromosomes  and  I  do  not  believe  that  the  reported 
twisting  of  the  chromosomes  in  the  metaphasa  described  for  many 
forms,  particularly  plants,  is  correct.  As  a  piu*e  matter  of  obser- 
vation I  am  siu*e  that  it  does  not  occur  in  the  Orthoptera.  Per- 
haps the  appearance  of  the  looped  or  double  ring  chromosomes  in 
many  species  of  this  order  has  been  responsible  for  the  error. 
By  the  interpretation  of  de  Sin6ty  (figs.  124  and  125),  Brunelli 
(fig.  15) ,  Buchner  (fig.  42) ,  Davis  (figs.  184  and  185)  these  are  merely 
twisted  rings.  Although  occasionally  such  conditions  are  met 
in  the  prophase  the  forms  that  later  appear  in  the  metaphase  are 
not  thus  constituted.  At  this  time  the  second  ring,  the  one 
further  removed  from  the  center  of  the  equatorial  plate,  will 
always  be  foimd  to  lie  perpendicular  to  the  primary  ring  and  to 
merge  symmetrically  into  it.  If  these  were  really  twisted  rings 
they  would  conunonly  lie  more  nearly  in  the  same  plane  and  the 
outer  loop  would  not  enter  into  the  inner  symmetrically.  When 
prophase  structures,  corresponding  to  those  of  the  metaphase, 
are  studied  it  is  foimd  that  the  secondary  ring  is  really  produced 
by  the  fiuther  development,  at  the  contrasynaptic  ends,  of  occa- 
sional divergences  of  the  chromatids  of  the  same  character  as  the 
ones  foimd  conmionly  at  the  synaptic  ends;  and  these  may  even 
go  so  far  as  to  start  the  production  of  a  third  ring  in  the  same 
plane  as  the  primary  one.     In  other  words,  the  chromatids  do 
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not  cross  from  one  side  to  the  other  but  remain  constantly  super- 
imposed. These  conditions  have  been  clearly  worked  out  by 
my  students  and  myself  on  all  the  forms  studied,  but  have  not 
generally  been  imderstood.  An  exception  to  this  statement  is  fur- 
nished by  Granata  who  in  his  figure  28  and  text  figure  1,  o,  (fig.  141) 
shows  accxutitely  the  structure  of  the  looped  chromosomes.  All 
considerations  of  imiformity  in  chromatid  structure  and  move- 
ment speak  against  the  transposition  of  structures  to  the  opposite 
pole  of  the  spindle.  Boveri  has  fully  discussed  this  matter  in 
relation  to  Ascaris  chromosomes. 

g.  Relation  of  rings  to  crosses.  Crossed  ends  of  chromosomes 
when  viewed  across  the  equatorial  plate,  en  face,  would  necessarily 
appear  displaced  laterally — they  would  not  be  superimposed 
in  one  plane.  Despite  the  number  who  have  advocated  this 
relation  not  one  has  shown  a  figure  of  a  chromosome  in  such  a 
position.  The  omission  is  significant,  for  appearances  of  this 
kind  are  not  to  be  found.  Such  an  aspect  of  the  ring  is  a  crucial 
test  of  de  Sin6ty's  conception.  From  this  point  of  view,  indeed, 
the  rings  are  of  the  same  appearance  as  crosses,  or,  viewed  some- 
what obliquely,  show  clearly  the  extended  ends  directly  over  each 
other  and  with  the  lateral  parts  of  the  annulus  merging  synunetri- 
cally  into  each  (figs.  130,  133). 

So  far  as  the  prophase  is  concerned,  the  rings  in  Steno- 
bothrus,  Chorthippus,  Chloealtis  and  the  unidentified  species 
which  I  have  figured — ^which  I  shall  speak  of  as  the  Steno- 
bothrus  type — do  not  seem  to  show  any  differences  from  the 
ones  found  in  Hippiscus  and  other  similar  forms.  In  the 
metaphase,  however,  it  is  clear  that  they  bear  a  different 
relation  to  the  archoplasmic  fibers;  and,  by  comparison  with  the 
chromosomes  of  the  spermatogonium  and  second  spermatocyte, 
it  appears  that  this  is  a  constant  feature  of  the  organization 
of  certain  ones  of  the  complex.  This  is  made  sure  by  the  work 
of  all  investigators  who  have  studied  Stenobothrus,  but  was  em- 
phasized by  Davis.  A  failure  to  appreciate  the  difference  be- 
tween the  rings  of  Stenobothrus  and  Hippiscus  types  has  been 
responsible  for  much  of  the  confusion  that  exists  in  the  literature 
re^trding  Orthopteran  spermatogenesis.    It  is  very  necessary 
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that  this  be  removed  because  the  Stenobothrus  form  of  chromo- 
some, while  rare  in  the  Orthoptera,  is  very  common  in  other 
animals  and  in  plants.  Had  these  matters  been  miderstood 
many  extended  reviews,  seeking  to  reduce  all  matm^ation  phenom- 
ena to  a  tjrpe,  upon  the  basis  of  chromatid  relations  in  the  first 
spermatocyte  metaphase,  would  not  have  been  written.  It  is 
barely  possible  that  a  complete  imderstanding  of  synapsis  condi- 
tions may  result  in  such  a  harmony,  but  with  our  present  knowl- 
edge of  the  -subject  the  metaphase  relations  are  very  different 
and  point  almost  certainly  to  prereduction  in  Stenobothrus 
rings  and  to  post  reduction  in  those  of  Hippiscus.  The  differ- 
ence between  these  two  types  of  annular  chromosomes  relate  to 
the  fiber  attachment  and  to  the  position  in  the  spindle,  the  latter 
being  a  consequence  of  the  former.  By  some  chance  there  is  no 
difference  of  opinion  on  these  matters,  and  all  observers  agree 
that  in  Stenobothrus  the  rings  lie  extended  in  the  axis  of  the  spin- 
dle with  fibers  attaching  somewhere  near  the  middle  of  each  of 
the  half  rings  that  later  enter  the  anaphase.  There  results 
accordingly  a  reduction  division. 

It  is  difficult  to  see  how  these  sharply  contrasting  conditions 
could  be  confused,  yet  neither  de  Sin6ty  nor  Davis,  both  of  whom 
studied  Hippiscus-like  chromosomes,  differentiated  between  the 
two  varieties  of  rings.  That  this  was  due  entirely  to  misinter- 
pretation and  not  to  varied  conditions  is  rendered  certain  by  com- 
paring two  adjoining  figiu*es  of  de  Sin^ty,  figure  125  showing  the 
Stenobothrus  ring  extended  along  the  spindle  with  subterminal 
fiber  attachment,  and  figure  132  of  Oedipoda,  the  only  polar  view, 
with  the  rings  lying  in  the  equatorial  plate  with  terminal  attach- 
ment of  fibers.  Davis  also  shows  clear  lateral  views  of  the  spindle 
of  Stenobothrus  with  extended  rings  (figs.  88,  91)  and  in  text 
figure  N  sketches  of  two  cells  in  polar  view  with  rings  showing. 
In  both  instances  mistakes  in  determining  the  correct  relation 
of  the  Hippiscus  rings  to  the  archoplasmic  fibers  resulted  in  an 
apparent  uniformity. 

Stevens  ('12)  shows  rings  of  this  type  in  Ceuthophilus,  Jordan 
C08)  in  Aplopus. 
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Summarizing  the  comparison  between  the  rings  of  Hippiscus 
and  of  Stenobothrus  imder  the  various  headings  used  in  the  con- 
sideration of  this  structure  we  find  that  there  are  in  each  case 
(1)  four  chromatids  derived  two  from  the  male  parent  and  two 
from  the  female  parent,  (2)  joined  so  that  homologous  pairs  are 
imited  end  to  end  and  sister  pairs  are  superimposed.  (3)  These 
relations  of  the  prophase  are  carried  over  into  the  metaphase  where 
.  (4)  in  Hippiscus  the  rings  lie  in  the  equatorial  plate  with  sister 
chromatids  directed  toward  opposite  poles  of  the  spindle,  while 
in  Stenobothrus  although  the  parts  of  the  tetrads  are  in  the  same 
relation  to  each  other  the  whole  chromosomes  lie  extended  in 
the  direction  of  the  spindle  axis  with  sister  chromatids  toward 
the  same  pole.  (5)  In  Hippiscus  the  sister  chromatids  glide 
away  from  each  other  and  become  extended  in  the  line  of  the 
archoplasmic  fiber  beside  homologous  chromatids,  thus  progres- 
sively reducing  the  size  of  the  ring  to  supply  the  increased  length 
of  the  extensions;  in  Stenobothrus,  on  the  contrary  the  whole 
rings  separate  directly  into  half  rings  or  Vs.  (6)  The  rings  in 
Hippiscus  have  the  fiber  attachment  at  the  synaptic  ends,  which 
are  slightly  drawn  out,  directly  above  each  other,  and  which 
consist  each  of  homologous  chromatids,  while  in  Stenobothrus  the 
fiber  attachment  is  approximately  median  and  in  each  case  in- 
volves connection  with  sister  chromatids.  (7)  The  dyads  of 
Hippiscus  in  the  anaphase  are  simple  V's  like  all  the  others  of  the 
complex,  while  the  ones  in  Stenobothrus  are  double  V's  and  imlike 
the  simple  V's  of  the  metaphase  rods  in  the  same  complex.  (8) 
The  results  of  the  separation  of  the  rings  of  Hippiscus  is  an  equa- 
tion division  while  in  Stenobothrus  it  is  a  reductional  one. 

e.  The  chromosomes  in  the  second  spermatocyte 

There  is  comparatively  little  difference  of  opinion  regarding 
the  actual  appearance  of  the  chromosomes  in  this  generation,  and, 
so  far  as  interpretation  is  concerned,  it  is  altogether  dependent 
upon  the  meaning  attached  to  the  first  spermatocyte  division. 
While  therefore  extended  discussion  is  not  called  for,  it  will  be 
convenient  to  keep  separate  the  consideration  of  the  chromosomes 
.of  Hippiscus  and  of  Stenobothrus  types. 
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1.  Hippiscus  type.  The  striking  variation  of  form  appearing 
among  the  metaphase  chromosomes  of  the  first  spermatocyte 
gives  way  in  the  second  spermatocyte  to  as  marked  a  xmiformity. 
The  paired,  straight  rods  of  the  first  spermatocyte  anaphase 
reappear  in  the  succeeding  metaphase  in  the  same  sizes  and  forms, 
and  between  these  two  stages — through  the  telophase  and  pro- 
phase— they  may  often  be  recognized  individually.  This  visible 
continuity  is  a  variable  matter  in  different  species,  but  aknost 
always  the  individual  elements  may  be  traced  without  confusion. 
Here,  as  elsewhere,  the  accessory  chromosome  comes  into  prom- 
inence during  the  prophase  by  reason  of  its  greater  density, 
clearly  indicating  the  cells  wherein  it  lies.  To  some  extent, 
however,  it  shows  a  loosened  structure  like  the  euchromosomes 
and  again  in  this  way  presents  a  parallelism  with  them.  .  The 
changes  between  the  two  generations  of  spermatocytes  take  place 
rapidly,  and  occasionally  cysts  are  formed  in  which  appear  telo- 
phases of  the  first  spermatocylje  and  metaphases  of  the  second 
spermatocyte.  It  is  evident  that  no  profound  changes  are  ac- 
compUshed  at  this  time — everything  points  to  a  rapid  rearrange- 
ment of  formed  chromosomes  into  a  new  division  figure  with  the 
least  possible  change  or  movement  of  the  cell  elements. 

A  study  of  the  metaphase  figiu'e  discloses  physical  conditions 
very  similar  to  those  of  the  spermatogonia.  The  chromosomes 
are  straight  rods  arranged  radially,  for  the  most  part,  about  the 
spindle  axis  with  fiber  attachment  at  the  inner  ends  (figs.  16  to  19, 
31 ,  49  to  58) .  The  same  series  of  sizes  apparent  in  the  earUer  gener- 
ation again  presents  itself,  but  now  in  a  single  instead  of  a  dupli- 
cate grouping.  Presence  or  absence  of  the  accessory  chromo- 
some marks  the  two  classes  of  cells  descended  from  each  second- 
ary spermatogonium.  One  notable  difference  between  the  chro- 
mosomes of  the  spermatogonia  and  of  the  second  spermatocytes 
manifests  itself.  During  the  earUer  period  the  chromosomes 
were  much  extended  and  the  chromatids  were  closely  apposed, 
while  in  the  second  spermatocyte  the  chromosomes  are  shorter 
and  show  a  marked  divergence  of  their  halves.  This  tendency 
of  the  chromatids  to  separate  may  go  to  the  extreme  of  extension 
in  a  straight  line  if  the  chromosome  happens  to  lie  toward  the 
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center  of  the  equatorial  plate  (fig.  57).  Only  at  the  point  of  fiber 
attachment  do  the  chromatids  remain  in  contact.  Separation 
of  the  chromosome  halves  already  exists  at  this  time,  and  move- 
ment to  the  spindle  poles  as  simple,  straight  rods  easily  follows. 
The  accessory  chromosome,  being  also  a  dyad,  divides  like  the 
other  chromosomes.  Upon  these  points  there  is  practical  agree- 
ment by  all  who  have  studied  the  Acrididae,  so  a  further  discussion 
is  not  called  for;  but  whether  the  two  chromatids  are  sister  ele- 
ments or  merely  homologues  is  a  mooted  question.  It  entirely 
depends  upon  what  has  happened  in  the  first  spermatocyte  and 
the  evidence  of  the  earlier  generation  is  much  clearer.  Accord- 
ing to  my  belief,  in  most  of  the  chromosomes  they  are  homologous 
elements  and  are  separated,  through  a  segregation'  division  by  this 
mito^. 

2.  Stenobothrus  type.  In  this,  as  in  the  Hippiscus  type,  the  sizes 
of  chromosomes  in  the  spermatogonium  reappear  in  the  secopd 
spermatocyte  but,  in  addition  to  this,  also  the  forms  recognizable  in 
the  earlier  generation  are  found.  Indeed,  aside  from  the  haploid 
condition  of  the  chromosome  group,  all  the  relations  of  the  sper- 
matogonium are  preserved.  As  may  be  seen  from  figiu^es  68  to  76, 
there  are,  in  the  Stenobothrus-like  form  I  have  studied,  always 
six  Hippiscus-like  rods  in  each  second  spermatocyte  and  four 
J-  or  V-shaped  dyads.  When  the  accessory  chromosome  is  pres- 
ent there  is  added  a  fifth  chromosome  with  non-terminal  fiber 
attachment.  In  Stenobothrus  curtipennis  Davis  reports  a  simi- 
lar constancy  of  forms  and  his  conclusions  are  borne  out  by  the 
work  of  Meek  and  supported  by  the  less  detailed  studies  of  de 
Sin^ty  and  Gerard.  It  seems  established  beyond  question  that 
organization  is  so  exact  that  even  the  form  of  the  chromosomes  is 

>  In  this  paper  and  others  I  have  used  the  term  'segregation  division'  synony- 
mously with  'reduction  division . '  It  seems  to  me  a  preferable  term  with  our  present 
knowledge  of  cellular  processes,  since  it  indicates  the  nature  of  the  separation  in 
concordance  with  our  understanding  of  the  composition  of  the  tetrads  out  of 
elements  derived  from  the  two  parents.  There  is  no  'reduction'  in  Weismann's 
sense,  only  a  segregation  of  paternal  and  maternal  derivatives.  Of  course  this 
involves  the  conception  of  such  a  biparental  composition  of  the  tetrads,  but  prac- 
tically the  same  idea  is  at  the  bottom  of  any  'reduction'  scheme  and  so  it  would 
not  hold  more  against  one  than  the  other. 
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repeated  in  every  cell  of  every  individual  of  a  species,  and,  in  the 
case  of  Stenobothrus,  in  every  species  of  the  genus.  Further, 
this  question  of  form  finds  its  explanation  in  the  relation  which 
each  chromosome  bears  to  the  archoplasm  of  the  cell — it  repre- 
sents a  fimdamental  matter  of  cellular  organization. 

Apparently,  in  interkineses,  all  this  is  lost,  but  the  history  of 
the  Stenobothrus  chromosomes  shows  that  this  is  not  so.  The 
forms  of  the  spermatogonia!  chromosomes  reappear  in  the  grand- 
daughter cells,  and  in  these  two  derivatives  may  be  found  all  the 
chromosomes  of  the  single  cell  of  the  earlier  generation,  each 
recognizable  by  its  size  and  form.  This  is  the  common  experi- 
ence of  different  investigators  working  upon  material  derived 
from  the  most  remote  sources  and  from  specimens  classified  into 
four  or  more  species.  Since  the  actual  aqt  of  reproduction  is 
seen  in  each  mitosis,  the  only  conclusion  that  can  be  drawn  is 
that  these  chromosomes  of  certain  definite  sizes  and  forms  possess 
these  attributes  in  the  second  spermatocytes  for  the  reason  that 
they  are  lineal  descendants  of  the  like  series  in  the  spermatogonia. 
It  is  justifiable  to  conclude  further  that  the  like  series  in  various 
species  of  the  genus  is  the  result  of  the  same  laws  operating  over 
a  longer  period  of  time.  The  animals  now  in  existence  within 
this  genus  are  here  because  they  descended  from  similar  organisms 
in  the  past,  and  their  common  characters  are  due  to  their  common 
ancestry:  the  chromosomes  within  the  cells  of  these  animals 
bear  the  stamp  of  resemblance  in  series  for  the  same  reason. 
Indeed  the  processes  of  reproduction  in  the  greater  and  in  the 
less  are  coincident  and  form  a  common  problem. 

It  causes  no  confusion  therefore  to  find  interposed  between  the 
two  cell  generations  with  similar  formed  chromosomes,  an  inter- 
mediate one  in  which  these  configurations  are  not  present,  for 
the  index  of  these  variations  is  furnished  by  the  position  of  the 
fiber  attachment.  In  each  case  it  is  possible  to  identify  the  par- 
ticular element  by  this  feature  of  its  organization,  in  connection 
with  its  relative  size  in  the  complex.  We  are  just  beginning  to 
understand  something  of  the  exactness  of  chromosome  organiza- 
tion, and  the  conditions  in  Stenobothrus  furnish  one  of  the  most 
generally  recognized  cases  of  it.    Attention  has  been  directed 
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to  the  very  obvious  conditions  in  the  formed  chromosomes  of 
the  metaphase,  but  more  extensive  knowledge  must  come  from 
an  intimate  analysis  of  structure,  which  can  only  be  made  when 
the  elements  exhibit  their  finer  details  within  the  nuclear  mem- 
brane. What  has  already  been  accomplished  in  this  way  lends 
great  encouragement  to  the  belief  that  we  may  expect  to  know 
much  more  about  the  structures,  relations  and  functions  of  the 
chromosomes  than  we  do  at  the  present  time.  It  may  justly  be 
said  here  that  the  evidence  for  persistent  individuality  afforded 
by  the  relations  between  the  second  spermatocyte  chromosomes 
and  those  of  the  spermatogonia  is  strengthened  and  made  more 
exact  the  further  the  study  is  pushed  back  into  the  entire  history 
of  the  chromosomes. 

According  to  mapy  investigators,  the  result  of  the  second 
spermatocyte  mitosis  is  to  separate  daughter  chromatids  through 
an  equation  division.  So  far  as  the  chromosomes  with  median 
or  subterminal  fiber  attachment  are  concerned,  I  am  inclined  to 
agree,  although  it  must  be  admitted  that  with  parasynapsis  the 
opposite  might  be  the  case.  Chromosomes  with  terminal  fiber 
attachment,  however,  show  the  same  relations  and  behavior  as 
similar  ones  do  in  Hippiscus.  Figures  64,  e,  f,  show  such  ele- 
ments extended  in  th6  equatorial  plate  and  they  must  divide  along  • 
their  length  if  at  all.  The  evidence  in  support  of  this  view  is 
stronger  in  Steaobothrus  than  elsewhere,  for  the  reason  that  the 
position  of  fiber  attachment  demonstrably  remains  constant. 
If  this  be  the  case  then  in  such  chromosomes  as  the  one  shown  in 
figure  64,  e,  lying  in  the  equatorial  plate,  the  synaptic  ends  are 
also  the  ones  to  which  the  fibers  attach.  Division  must  separate 
daughter  chromatids  from  each  other,  along  the  longitudinal 
split  of  the  chromosomes.  Beside  this  chromosome,  in  the 
same  complex,  appears  a  rod-shaped  chromosome  extended  in 
the  direction  of  the  spindle  axis.  This  I  conceive  to  have  already 
passed  through  the  changes  which  its  neighbor  is  just  beginning. 
Under  any  other  assumption  it  must  be  that  synapsis  has  taken 
place  at  the  distal  ends  of  the  chromosomes  or  that  fiber  attach- 
ment has  shifted  after  synapsis.  The  evidence  is  all  in  favor  of 
constancy  in  position  of  fiber  attachment,  and  actual  movement 
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of  chromatids  is  shown  in  cross-shaped  chromosomes  such  as  are 
found  in  many  species  including  the  Stenobothrus-like  form  I 
have  studied  (fig.  64,  f). 

The  result  of  the  second  spermatocyte  mitosis  is  therefore 
neither  entirely  equational  or  segregative,  for  certain  ones  of  the 
chromosome  complex  are  separated  in  one  way,  others  in  the 
opposite  way. 

SPECIES  OF  ORTHOPTERA  WHOSE  SPERMATOGENESIS  HAS  BEEN 

DESCRIBED 
1.  Acrididae 

Artom,  C.  ('09)  Stauronotus 
Bnmelli,  G.  ('10)  and  ('11)  Tryxalis  nasuta 
Buchner,  P.  ('09)  Hippiscus  sp. 
Btttchli,  O.  ('71)  Acridia 
Carothers,  E.  ('13)  Brachystola  magna,  Arphia  simplex,  Trimerotropis  suffusa,  T. 

schaefferi,  T.  agrestus,  T.  maritima 
Carnoy,  J.  B.  ('85)  Oedipoda  coenilea,  Acridium  lineola,  Stenobothrus  viridulus 

or  bicolor 
Davis,  H.  S.  ('08)  Arphia  tenebrosa 

Chortophaga  viridifasciata 

Dissosteira  Carolina 

Hippiscus  tuberculatus 

Stenobothrus  curtipennis 
Gerard,  Pol  ('09)  Stenobothrus  biguttulus 
Giglio-Tos,  S.  ('08)  Pamphagus  marmoratus 
Granata,  L.  ('10)  Pamphagus  marmoratus 
Hartman,  Frank  ('13)  Schistocerca  alutacea 
McClung,  C.  E.  ('00)  Hippiscus  phoenicopterus 

('05)  Hesperottetix  speciosus 

Hesperottetix  viridis 

Hesperottetix  pratensis 

Mermiria  bivittata 

Chortophaga  viridifasciata 
Meek,  C.  F.  U.  ('11)  Stenobothrus  viridulus 

('12a)  Stenobothrus  viridulus.    S.  bicolor,  S.  parallelus 

('12b)  Stenobothrus  curtipennis 

Stenobothrus  parallelus 

Stenobothrus  viridulus 

Stenobothrus  bicolor 
Minot,  C.  S.  ('80)  Melanoplus  femur  rubnmi 
Montgomery,  T.  H.  ('05)  Syrbula  acuticomis 
Nowlin,  Nadine  ('08)  Melanoplus  bivittatus 
Pinney,  Edith  ('08)  Phrynotettix  magnus 
Robertson,  W.  R.  B.  ('08)  Syrbula  admirabilis 
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de  Sin^ty,  R.  COl)  Oedipoda  miniata 

Stenobothnis  parallelus 
Vesel^,  J.  ('13)  Chrysochraon  dispar 
Sutton,  W.  S.  COO)  C02)  Brachystola  magna 

Wcnrich,  D.  H. Phrynotettix  magnus 

Wilcox,  E.  V.  Melanoplus  femur  rubnim 
B.  Locusiidae 

Buohner,  P.  ('09)  Decticus  verrucosus 
Davis,  H.  S.  ('(J8)  Steiroxys  trilineata 
Gilson,  G.  ('84)  Locusta  viridissima 

Decticus  verrucivorus 
McClung,  C.  E.  ('99)  Xiphidium  fasciatum 

('02)  Anabrus 

Orchesticus 

Scudderia 

Microcentriun 
Meek,  C.  F.  U.  ('12)  Steiroxys  trilineata 
Minot,  C.  S.  ('86)  Anabrus 
Otte,  H.  ('96)  Locusta  viridissima 
Sabatier,  A.  ('90)  Locusta 
Schellenberg,  A.  ('13)  Diestramena  marmorata 
de  Sin^ty,  R.  ('01)  Orphania  denticauda  C. 

Platycleis  grisea  Fab. 
Stevens,  N.  M.  ('05)  Stenopelmatus 

('12)  Ceuthophilus 
Vesel^,  J.  ('13)  Locusta  viridissima 
Vejdovsk^,  F.  ('12)  Decticus  verrucivorus 

Diestramena  marmorata 
5.  Gryllidae 
Baimigartner,  W.  J.  ('02)  Gryllus  assimilus 

('04)  Gryllus  domesticus 
Brunelli,  G.  ('09)  Gryllus  desertus 
Buchner,  P.  ('09)  Gryllus  campestris 
Camoy,  J.  B.  ('85)  Gryllotalpa  vulgaris 
Gutherz,  S.  ('06)  Gryllus  domesticus 
Meek,  C.  F.  U.  ('08)  ('12)  GryUus  domesticus 
Payne,  F.  ('12)  Gryllotalpa  borealis 
vom  Rath,  0.  ('91)  ('92)  Gryllotalpa  vulgaris 
de  Sin6ty,  R.  ('01)  Gryllus  domesticus,  Nemobius  sylvestris 
Voinov,  D.  N.  ('04)  Gryllus  campestris 
4,  Blattidae 
Camoy,  J.  B.  ('85)  Blatta  germanica 

Periplaneta  orientalis 
Erlanger,  R.  v.  ('97)  Blatta  germanica 

Moore,  J.  E.  S.,  and  Robinson,  L.  E.  ('05)  Periplaneta  americana 
Morse,  Max  ('09)  Blatta  germanica 

Periplaneta  americana 

Leucophaea  maderiae 

Stylopyga  orientalis 
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Wassilijeff,  A.  ('07)  Blatta  germanica 

5.  Phasmidae 

Camoy,  J.  B.  ('85)  Bacillus  linearis 
Jordan,  H.  E.  ('08)  Aplopus  mayeri 
de  Singly,  R.  ('01)  Leptynia  attenuata 

Menexenus  obtusespinosus 

Dixippus  morosus 

6,  Forficulidae 

Carnoy,  J.  B.  ('85)  Forficula  auricularia 
Meek,  C.  F.  U.  ('12)  Forficula  auricularia 
Randolph,  H.  ('08)  Anisolabis  maritima 
St.  George,  v.  la  V.  ('87)  Forficula  auricularia 
Stevens,  N.  M.  ('10)  Forficula  auricularia 
de  Sin^ty,  R.  ('01)  Forficula  auricularia 

Labidura  riparia 
Zweiger,  H.  ('06)  Forficula  auricularia 
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EXPLANATION  OF  PLATES 

Figures  are  drawn  with  a  camera  lucida  at  an  original  magnification  of  2860 
diameters,  which,  in  reproduction,  is  reduced  to  1800.  The  photomicrographs 
were  made  with  a  Zeiss  apochromatic  2  mm.  N.  A.  1.40,  projection  ocular  4  and 
Watson  'Parachromatic'  oil  immersion  condenser.  The  original  magnifications 
were  600  and  1000  diameters  which  are  here  reduced  to  525  and  875  respectively 


PLATE  1 

EXPLANATION  OF  FIGURES 

1  to  19    Spermatocyte  chromosome  complexes  from  Hippiscus. 

1  to  4  Polar  views  of  first  spermatoc3rte  metaphase,  with  varying  number  of 
rings.  The  accessory  chromosome,  marked  X,  appears  within  the  outer  circle 
of  chromosomes  and  is  rough  in  outline.  • 

5  and  6  Daughter  groups  in  first  8permatoc3rte  anaphase.  Former  associated 
members  of  tetrads  are  seen  in  the  same  relative  positions  in  the  two  groups.  In 
figure  6  the  accessory  chromosome,  X,  appears,  for  which  there  is  no  mate  in  the 
opposite  group. 

7  Lateral  view  of  an  early  first  spermatoc3rte  anaphase.  In  figures  5,  6  and  7 
the  dyad  character  of  the  anaphase  chromosome  appears  clearly. 

8  to  10  Lateral  views  of  the  first  spermatoc3rte  metaphase  complexes,  in 
which  the  members  have  been  extended  in  rows  with  homologous  elements  in  the 
same  vertical  column  and  with  the  smaller  chromosomes  at  the  left  and  the  larger 
of  the  series  at  the  right.  The  variable  shape  of  the  same  element  at  different 
stages  of  division  is  shown. 

12,  13,  16  to  19  Polar  views  of  second  spermatocyte  metaphase  chromosome 
complexes.  The  accessory  chromosome,  X,  is  present  in  figures  12,  16,  17  and  19. 
In  figure  17  it  is  shown  surrounded  by  a  vesicle. 

14  and  15    Somewhat  oblique  lateral  views  of  first  spermatocyte  metaphase. 
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EXPLANATION  OP  FIGURES 


20  to  31    From  Tropidolophus. 

20  Polar  view  of  spermatogonial  complex. 

21  to  24  Polar  views  of  metaphase  groups  in  first  spermatocyte.  The  acces- 
sory chromosome  is  centrally  placed  and  is  irregular  in  outline,  as  in  Hippiscus. 

25  Lateral  view  of  first  spermatocyte  metaphase  complex  with  the  members 
extended  in  rows.  At  a  is  a  ring,  en  face;  at  6  a  lateral  view  of  a  ring  with  the 
contrasynaptic  ends  also  drawn  out. 

26  to  30    Polar  views  of  first  spermatocyte  metaphase  complexes. 

29  A  complex,  six  members  of  which  are  plain  rings.  A  photomicrograph  of 
this  group  is  shown  in  figure  110  and  in  figure  140  appears  a  photograph  of  wax 
models  of  the  group  arranged  as  in  the  cell.  Similar  rings  are  seen  in  the  remain- 
ing polai  views,  but  in  addition  there  are  others,  evidently  rings,  which  are  not  cir- 
cular in  outline  but  show  various  enlargements  on  the  other  side.  These  modifi- 
cations are  due  either  to  a  simple  divergence  of  the  contrasynaptic  ends  or  to  a 
further  extension  of  these  so  as  to  complete  a  secondary  ring  at  right  angles  to  the 
first. 

31  Polar  view  of  second  spermatocyte  metaphase  with  a  complex  of  12  chromo- 
somes. The  uniformity  in  shape  of  the  chromosomes  in  this  cell  generation  is 
well  shown. 
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EXPLANATION  OP  PIGURES 


32  to  58    From  Mecostethus  lineatus. 

32  to  34  Polar  views  of  first  spermatocyte  metaphase  complexes.  All  the 
chromosomes  are  in  the  form  of  rods,  straight  or,  more  commonly,  bent  at  the 
synaptic  ends  into  V-shaped  figures.  The  entire  absence  of  the  common  rings  is 
noteworthy  in  this  species  (see  fig.  100  for  photomicrograph  of  the  cell  drawn 
in  fig.  34). 

35  Beginning  of  the  first  spermatocyte  anaphase.  The  chromosomes  here 
are  all  of  the  common  V-sbape,  the  same  as  in  complexes  with  rings  (cf.  figs. 
5-7).  The  only  unusual  behavior  is  the  divergence  of  the  limbs  of  the  V's  before 
separation  of  daughter  chromatids  in  the  equatorial  plate. 

36  Oblique  view  of  three  euchromosomes  and  the  accessory  chromosome  in 
the  first  spermatoc3rte  metaphase. 

37  Polar  view  of  the. first  spermatocyte  metaphase. 

38  Various  metaphase  chromosomes  of  first  spermatocyte  (except  the  lowest 
chromosome  which  is  late  prophase).  The  character  of  the  chromosomes  at  this 
period  is  shown  in  the  different  views. 

39  Four  first  spermatocyte  metaphase  euchromosomes.  The  chromatids  of 
the  two  small  euchromosomes  remain  in  contact  until  the  end  of  the  metaphase 
as  in  most  other  species. 

40  Oblique  view  of  three  euchromosomes  in  early  anaphase. 

41  to  43  Polar  views  of  first  spermatocyte  metaphase.  Twelve  is  the  haploid 
number,  but  because  of  the  early  poleward  movement  of  the  accessory  chromo- 
some it  does  not  often  appear  in  the  plate.  One  other  chromosome  is  missing 
from  figure  37. 

44    Polar  view  of  spermatogonial  complex  in  metaphase. 
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EXPLANATION  OF  FIGURES 


45  Lateral  view  of  four  euchromoeomes  and  the  accessory  chromosome  in 
first  spermatocyte  metaphase. 

46  Polar  view  of  first  spermatocyte  metaphase. 

47  to  68    Second  spermatocyte  metaphase  complexes. 

47  Polar  view  with  the  accessory  chromosome  at  the  center  of  the  group. 
The  series  of  sizes  is  well  shown,  but  it  is  worthy  of  note  that  all  the  members  are 
only  approximately  two-thirds  the  size  they  were  in  the  first  spermatocyte. 

48  Lateral  view  showing  superposition  of  the  chromatids  and  their  wide 
divergence. 

49  and  50    Polar  views. 
51  and  52    Lateral  views. 

53  to  58  Polar  views;  in  figures  47,  50,  53,  and  58  twelve  chromosomes  appear, 
in  the  others  the  accessory  chromosome  is  lacking. 
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EXPLANATION  OF  FIGURES 


59  to  76    From  the  unidentified  Stenobothrus-like  form  described  in  the  text. 

59  to  62  Polar  views  of  spermatogonia!  metaphase.  Of  the  twenty-one 
chromosomes  (fig.  60  shows  but  twenty)  twelve  are  the  common  rod-like  forms 
with  terminal  attachment  and  the  remaining  nine  have  either  median  or  submedian 
attachments. 

63  Lateral  view  of  first  spermatocyte  metaphase  showing  four  ordinary  shaped 
tetrads,  a  ring  placed  in  the  plane  of  the  spindle  axis,  and,  at  the  left,  another  such 
an  element,  but  with  the  synaptic  ends  drawn  out  and  bent  to  form  a  ring  in  the 
plane  of  the  equatorial  plate. 

64  Various  first  spermatocyte  chromosomes  in  metaphase  or  early  anaphase. 
Tetrads  formed  from  spermatogonial  chromosomes  with  non-terminal  fiber  attach- 
ment shown  at  a,  6,  c,  d,  g,  and  h.  At  e  and/  are  others  produced  by  union  of  sper- 
matogonial chromosomes  with  terminal  fiber  attachment. 

65  Lateral  view  of  the  first  spermatocyte  metaphase  showing  four  chromo- 
somes of  ordinary  type  and  two  with  non-terminal  fiber  attachment. 

66  Lateral  view  showing  conditions  as  in  figure  65  and  the  accessory  chromo- 
some which  has  a  median  attachment  instead  of  terminal  as  in  most  species. 

67  Polar  view  of  first  spermatocyte  anaphase. 

68  to  76  Polar  views  of  second  spermatocyte  metaphase.  The  same  series 
of  sizes  and  forms  apparent  in  the  spermatogonium  may  now  be  seen  in  the  grand- 
daughter cells. 
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EXPLANATION   OF   FIGURES 


77  Polar  view  of  spermatogonia!  metaphase  of  Hesperotettix  speciosus.  There 
are  twenty-one  rod-shaped  chromosomes  and  a  V  with  unequal  arms.  The  sub- 
sequent history  shows  this  to  be  a  multiple  chromosome  consisting  of  the  accessory 
chromosome  and  one  euchromosome.  While  of  the  same  shape  as  the  chromo- 
somes of  Stenobothrus  which  have  subterminal  attachment  it  is  of  different  com- 
position. 

78  Lateral  view  of  a  first  spermatocyte  metaphase  complex  of  Hesperotettix 
speciosus,  the  multiple  chromosome  at  the  right  with  the  accessory  chromosome 
portion  marked  X. 

79  Two  multiple  chromosomes  from  Hesperotettix  speciosus. 

80  Two  multiple  chromosomes  from  Hesperotettix  viridis. 

81  Two  multiple  chromosomes  from  Hesperotettix  pratensis. 

82  A  multiple  chromosome  of  Mermiria  in  prophase,  the  tetrad  portion  gran- 
ular, the  accessory  chromosome  homogeneous. 

83  An  oblique  view  of  a  first  spermatocyte  metaphase  complex  of  Hesperotet- 
tix pratensis  showing  the  eleven  separate  chromosomes  with  the  accessory  chromo- 
some attached  to  one  of  the  tetrads. 

84  Multiple  chromosomes  in  prophase,  at  a  and  b  of  Hesperotettix  speciosus, 
at  c  of  Mermiria,  The  accessory  chromosome,  JT,  is  homogeneous  and  does  not 
show  its  longitudinal  cleft,  while  the  tetrads  are  granular  and  cleft. 

85  Polar  view  of  second  spermatocyte  metaphase  of  Boopedon  nubilum,  in- 
cluding accessory  chromosome. 

86  Polar  view  of  first  spermatocyte  metaphase  of  Boopedon,  complete 
complex. 

87  Lateral  view  of  first  spermatocyte  metaphase  spindle  of  Hesperotettix 
pratensis,  the  multiple  chromosome  in  black. 

88  to  91  Successive  stages  in  the  concentration  and  division  of  an  unequal 
tetrad  of  Phrynotettix  magnus.  The  shorter  member,  at  the  left  in  each  figure, 
remains  granular  until  complete  separation  in  the  metaphase.  It  is  apparent 
that  this  is  an  equation  division  of  each  univalent  part  of  the  tetrad  (see  figs.  125 
and  126  for  photomicrographs  of  chromosomes  drawn  in  fig.  88). 

92  and  93  Polar  views  of  first  spermatocyte  metaphase  of  Mestobregma  plattei, 
showing  variation  in  number  of  rings. 

94  to  98    From  Chortophaga  viridifasciata. 

94  and  98  Polar  views  of  spermatogonial  metaphases ;  in  the  former  there  are 
four  tetrads,  in  the  latter  all  the  elements  are  separate. 

95  Polar  view  of  second  spermatocyte  metaphase  of  Chortophaga  containing 
the  accessory  chromosome. 

96  and  97  Lateral  views  of  first  spermatocyte  metaphase  complexes  arranged 
in  order  of  the  sizes  of  their  members.  The  variation  in  the  form  of  the  chromo- 
somes with  the  stage  of  division  shown.  Chromosome  12  of  figure  97  is  a  lateral 
view  of  a  ring  in  which  the  contrasynaptic  ends  are  extended  like  the  synaptic. 
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PLATE  7 

EXPLANATION  OP  FIGURES 

99  Photograph  of  a  smear  of  first  spermatocyte  prophase  of  Hippiscus,  showing 
the  early  longitudinal  division  of  the  tetrads,  the  early  concentration  of  certain 
tetrads,  and  the  homogeneous  appearance  of  the  accessory  chromosome.     X  875. 

100  Photomicrograph  of  a  smear  of  a  first  spermatocyte  prophase  complex  of 
Trimerotropis  maritima.  One  of  the  twelve  chromosomes,  near  the  metaphase 
chromosomes,  is  very  dim,  due  to  spreading.  Of  particular  interest  are  the  four 
chromosomes  on  the  left.  The  upper  one. is  a  typical  rod;  the  second,  a  cross; 
the  third,  a  ring.  In  each  of  these  the  structure  is  very  clear.  Just  below  the 
prophase  ring  is  another  from  a  metaphase  complex.  That  the  latter  represents 
merely  a  more  condensed  condition  of  the  former  is  very  evident.  The  three 
lower  rings  are  much  extended  by  smearing,  but  still  show  their  composition. 
There  is  no  indication  of  crossed-over  ends — they  are  true  rings.     X  875. 

101  Photomicrograph  of  a  smear  of  a  Hippiscus  first  spermatoo3rte  prophase. 
The  longitudinal  division  in  the  tetrads  is  very  clear.     X  875. 
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EXPLANATION   OF  FIGURES 


102  to  104  Successively  later  stages  in  the  formation  of  the  prophase  chromo- 
somes of  Brachystola  magna.  The  gradual  opening  out  of  the  rings  is  here  shown. 
Smear  preparations.     X  875. 

105  Prophase  of  Mermiria,  with  a  ring  near  the  center  of  the  figure.     X  875. 

106  and  107  Two  views  of  the  same  first  spermatocyte  metaphase  of  Mecoste- 
thus  lineatus.  In  figure  106  a  chromosome  elongated  in  the  spindle  axis  is  shown, 
in  figure  107  another  chromosome  lying  in  the  equatorial  plate,  with  the  synaptic 
ends  extended;  section.     X  875. 

108  Late  prophase  of  Trimerotropis  maritima.  The  lower  chromosome  is 
a  double  ring  showing  the  divergence  of  the  halves  of  the  primary  ring  (at  the  left) 
to  form  the  secondary  ring;  smear.     X  875. 

109  Polar  view  of  first  spermatocyte  metaphase  of  Mecostethus  showing  the 
uniformity  of  chromosome  form;  this  cell  is  also  drawn  in  figure  34;  section. 
X875. 

110  View  of  similar  stage  in  Tropidolophus ;  see  also  figure  29  for  a  drawing 
of  this  cell;  section.     X  875. 

111  to  113  Metaphase  complexes  of  Hippiscus  from  smears.  In  this  species 
one  ring  is  always  provided  with  the  elongations  terminating  in  knobs,  from  the 
synaptic  ends,  to  which  the  fibers  attach.     X  875. 
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EXPLANATION   OP  FIGURES 


114  to  124  First  spermatocyte  prophase  from  Mermiria;  114  to  113,  X  525, 
from  sections;  119  to  124,  X  875,  from  sections,  except  figures  122,  123. 

114  Fragment  of  ring  with  the  opening  at  the  synaptic  point. 

115  A  complete  ring  with  the  synaptic  ends  well  drawn  out  and  showing  the 
extension  of  the  ring  cleft  into  these  arms. 

116  Another  view  of  a  ring  chromosome. 

117  A  rod-shaped  chromosome. 

118  Oblique  view  of  ring. 

119  Oblique  view  of  ring  showing  split  extension. 

120  View  of  a  cross,  en  face, 

121  Lateral  view  of  a  ring  showing  its  division  into  super-imposed  rings. 

122  Rings  and  double  rings;  the  lower  chromosome  presents  clearly  the 
structure  of  the  double  rings  and  shows  that  they  are  not  merely  looped  structures. 

123  Various  rings  in  late  prophase. 

124  Lateral  view  of  ring. 

125  to  128    Prophase  chromosomes  of  Phrynotettixmagnus;  sections.     X  875. 
125  and  126    Show  the  unequal  tetrad  U  at  successive  stages  of  development 

(see  fig.  88). 

127  Oblique  view  of  a  ring. 

128  Bent  rod. 

129  to  133  Views  of  first  spermatocyte  metaphase  complexes  of  Mermiria; 
sections.     X  525. 

129  The  upper  cell  shows  a  polar  view  of  a  complex  with  perichromosomal 
clear  spaces,  and  with  the  centrally  placed  synaptic  ends  of  the  ring  chromosomes 
dark. 

130  Upper  cell  as  in  figure  129;  in  the  lower  cell  a  lateral  view  of  one  ring. 

131  In  the  upper  cell  a  rod  shaped  chromosome,  en  faccy  with  central  opening 
indicated. 

132  Polar  view  of  first  spermatocyte  metaphase  of  Mermiria  showing  clearly 
the  rings  and  V's  lying  in  the  plane  of  the  equatorial  plate. 

133  Oblique  view  of  a  ring  in  the  upper  cell  demonstrating  the  symmetrical 
position  of  the  synaptic  extension  with  reference  to  the  two  sides  of  the  ring 
(cf.  fig.  127). 

134  to  138    From  the  Stenobothrus-like  form;  sections.     X  875. 

134  Polar  view  of  spermatogonial  metaphase  showing  chromosomes  with 
terminal  and  subterminal  fiber  attachments. 

135  Lateral  view  of  first  spermatocyte  metaphase  in  which  a  ring  composed 
of  two  spermatogonial  chromosomes  with  subterminal  attachments  is  separating 
into  these  two  elements.    The  longitudinal  cleft  is  apparent  in  the  disjoined  ends. 

136  Lateral  view,  as  in  figure  135,  showing  other  forms  of  chrom6somes. 

137  Polar  view  of  second  spermatocyte  metaphase  showing  chromosomes  with 
terminal  and  subterminal  attachments. 

138  Upper  cell  as  in  figure  137;  lower  cell,  lateral  view. 
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EXPLANATION  OF  VIQURBS 


139  Copy  of  Davis'  text  figures  Oa,  Oh,  Ocy  rope  models  to  explain  his  con- 
ception of  the  structure  and  method  of  division  of  the  ring  chromosomes.  From 
these  it  will  be  observed  that  the  rings  lie  in  the  plane  of  the  spindle  axis  and 
that  the  longitudinal  cleft  is,  therefore,  not  in  the  equatorial  plate. 

140  Photograph  of  a  series  of  wax  models  of  the  chromosome  complex  of 
Tropidolophus  shown  in  figures  29  and  110.  These  were  prepared  after  a  careful 
study  of  the  group  and  they  were  arranged  in  the  same  relative  positions  in  which 
they  appeared  in  the  cell.  The  central  opening  of  the  rings  was  purposely  made 
larger  in  order  to  exhibit  their  structure  more  clearly.  Compare  these  with  figure 
139  in  order  to  see  most  clearly  the  difference  between  the  conception  of  ring 
formation  advocated  by  de  Sin^ty,  Davis  and  Montgomery  and  that  held  by 
myself  and  students  for  the  Hippiscus  type. 

141  Copy  of  Granata's  text  figure  1  illustrating  his  interpretation  of  tetrad 
formation  in  Pamphagus.  His  view  of  the  formed  tetrad  is  essentially  similar  to 
my  own,  even  to  the  compound  ring. 

142  Copy  of  Morse's  text  figure  1,  showing  various  interpretations.  The 
series  in  the  first  row  are  copies  of  Sutton's  figures  and  represent  my  own  concep- 
tion. The  second  row  presents  Davis'  view,  the  third  is  Morse's  explanation  of 
the  chromosome  forms  in  Periplaneta,  and  the  fourth  is  to  illustrate  the  Schreiner's 
interpretation  of  Tomopteris.  This  series  of  figures  represents  clearly  the  various 
interpretations  which  I  have  discussed  elsewhere. 

143  Photograph  of  the  ring-  and  cross-shaped  wax  models  shown  in  figure  140. 
These  demonstrate  that  such  forms  are  indistinguishable  from  each  other  when 
viewed  en  face,  and  also  that  rings  constituted  as  I  have  described  them,  when 
viewed  obliquely,  appear  as  loops  with  crossed  ends. 

144  Diagrams  by  Otte  to  illustrate  his  conception  of  a  double  cross  division, 
with  chromosomes  of  similar  appearance  in  first  spermatocyte  (E,  F)  and  second 
spermatocyte  (H,  J).  Compare  these  with  the  figures  of  these  generations  of  cells 
in  various  Orthoptera  given  in  this  paper. 

145  Figures  148  and  149  of  de  Sin6ty  to  show  the  method  of  division  in  chromo- 
somes with  terminal  (A),  subterminal  (B),  and  median  (C)  fiber  attachment. 
Figures  marked  A  illustrate  the  conception  of  ring  division  first  advocated  by  this 
author  and  later  supported  by  Davis  (fig.  139)  and  Bnmelli  (figs.  146-147).  Those 
marked  A'  are  to  explain  chromosomes  of  the  first  spermatocyte  metaphase  in  lat- 
eral view  with  diverging  ends  where  the  fibers  attach  and  at  the  opposite  side. 
These  are  in  reality  rings  with  the  contrasynaptic  ends  extended. 

146  and  147  Copies  of  Brunelli's  figures  11,  12,  14,  15,  illustrating  his  ideas  of 
chromosome  division  in  the  first  spermatocyte.  These  are  essentially  like  those 
of  de  Sin^ty. 
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THE  SPERMATOGENESIS  OF  ASCARIS  MEGALOCE- 
PHALA  WITH  SPECIAL  REFERENCE  TO  THE  TWO 
CYTOPLASMIC  INCLUSIONS,  THE  REFRACTIVE 
BODY  AND  THE  'MITOCHONDRIA':  THEIR  ORIGIN. 
NATURE  AND  ROLE  IN  FERTILIZATION 

EDWARD  E.  WILDMAN 

Zoological  Laboratory  of  the  University  of  Pennsylvania 

FORTY-EIGHT  FIGURES 

In  1906  Marcus  made  two  notable  contributions  to  our  knowl- 
edge of  nematode  spermatogenesis.  The  first  was  his  discovery 
that  the  refractive  body  is  formed  within  the  vas  deferens  in 
Ascaris  canis,  thus  completing  the  spermatogenesis  within  the 
male.  Previously  this  most  unique  and  characteristic  structure 
of  the  nematode  spermatozoon  had  been  seen  only  in  those  cells 
which  had  already  entered  the  uterus  of  the  female.  This  dis- 
covery was  confirmed  by  Mayer  ('08)  and  Romieu  Cll),  both 
working  with  A.  megalocephala. 

Marcus  also  suggested  that  the  'protoplasmic  corpuscles'  or 
'microsomes/  observed  by  Van  Beneden,  Hertwig  and  others 
surrounding  the  chromatic  mass  in  the  spermatid,  were  mito- 
chondria. This  interpretation  has  been  supported  by  Mayer  ('08), 
Romieu  ('11),  Meves  ('11)  and  Faure-Fremiet  ('11),  all  working 
with  A.  megalocephala.^ 

But  none  of  these  workers  made  any  attempt  to  learn  the 
origin  or  to  trace  the  development  of  either  the  refractive  body  or 
the  mitochondria  up  to  their  appearance  in  the  complete  sper- 
matozoon. It  seemed  very  desirable  to  do  this,  now  that  we  know 
that  the  entire  development  of  the  paternal  germ  cell  takes  place 

*  Since  this  paper  was  written,  Romeis  has  published  a  study  of  the  degenera- 
tion of  the  'condriosomes'  in  Ascaris  spermatozoa,  in  which  he  also  calls  these 
bodies  mitochondria. 
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within  the  male.  At  the  suggestion  of  Prof.  T.  H.  Montgomery, 
Jr.,  I  undertook  this  study.  I  wish  here  to  express  my  deep 
appreciation  of  Professor  Montgomery's  kindly  interest  in  my 
work,  and  of  his  helpful  advice  and  criticism,  during  the  course 
of  the  observations.  I  very  much  regret  that  this  report  was 
not  finished  in  time  to  be  reviewed  by  him,  for  this  is  a  field  of 
research  in  which  Professor  Montgomery  stood  preeminent. 

THE  REFRACTIVE  BODY 
Place  and  manner  of  its  formation 

Notwithstanding  the  fact  that  the  spermatogenesis  of  the  nem- 
atodes has  been  studied  since  1858,  the  history  of  the  refractive 
body  had  remained  unknown.  During  this  time,  the  study  of 
no  animal  has  contributed  more  to  our  knowledge  of  the  cytology 
of  the  germ  cells  than  that  of  the  common  nematode  parasite  of 
the  horse,  A.  megalocephala.'  The  briUiant  researches  of  Van 
Beneden,  Hertwig,  Brauer,  Tretjakoflf  and  others  leave  Uttle  to 
be  desired  concerning  the  nuclear  phenomena  during  spermatogen- 
esis. The  laws  of  nuclear  structure  and  behavior  here  discov- 
ered have  been  found  to  be  of  very  general  application.  But 
the  observations  of  these  authors  on  cytoplasmic  structures, 
accurate  and  extensive  as  they  are,  lack  the  completeness  of  a 
final  interpretation,  because  none  of  them  saw  the  last  stage  in 
the  process  of  sperm  development. 

Throughout  the  incomparable  researches  of  Van  Beneden  on 
the  development  of  the  Ascaris  spermatozoon  there  is  no  indi- 
cation that  he  even  suspected  the  formation  of  the  refractive 
body  within  the  vas  deferens.  His  excellent  figures  represent  the 
various  stages  of  its  development  as  entirely  within  the  uterus. 
He  believed  that  the  paternal  element  left  the  male  in  the  form 
of  the  spermatid,  spherical  or  slightly  conical  in  form  but  with 
no  trace  of  the  refractive  body. 

At  the  proximal  end  of  the  uterus  one  always  ifinds  a  great 
nimiber  of  spermatozoa  crowded  among  the  eggs  and  uterine 
epitheUal  cells.  This  region  Van  Beneden  named  the  'receptac- 
ulum  seminis.'     Among  this  crowd  of  spermatozoa  are  to  be 
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found  some  that  are  only  slightly  conical,  with  no  trace  of  any 
inclusion;  some  having  a  thin  axial  rod  in  the  cone  which  stains 
readily  in  iron  hematoxylin;  some  in  which  this  rod  is  thicker 
and  longer,  and  more  deeply  staining,  and  others  contain  the 
fully  formed  refractive  body.  In  these  four  forms  or  'types'  Van 
Beneden  thought  he  saw  the  complete  development  of  this  body. 
His  reasoning  seemed  so  logical  and  his  figures  so  in  keeping  with 
all  observations  that  most  of  the  students  in  this  field  have 
accepted  his  conclusions. 

O.  Hertwig  ('90)  and  Brauer  ('93)  did  not  follow  the  devel- 
opment of  the  sperm  beyond  the  formation  of  the  spermatid. 
These  authors  gave  special  attention  to  the  nuclear  phenomena, 
although  they  describe  and  figure  cytoplasmic  inclusions  as  they 
appear  throughout  the  growth  period  and  maturation  divisions. 

Tretjakoflf  ('05)  followed  Van  Beneden  in  a  study  of  the  com- 
plete spermatogenesis,  and  concluded  with  him  that  the  sper- 
matid enters  the  uterus,  there  to  become  the  spermatozoon.  He 
points  out  that  in  many  animals  the  uterine  epithelial  cells  act 
as  nurse  cells  for  the  developing  spermatozoa,  and  he  interprets 
the  crowding  of  the  spaces  between  the  epithelial  cells  of  the 
uterus  wall  with  sperm  cells  of  the  four  types  of  Van  Beneden  as 
an  effort  to  get  at  this  necessary  food  supply. 

But  Marcus  showed  that,  in  A.  cams,  throughout  the  later 
growth  period,  maturation  divisions  and  also  in  the  spermatid, 
the  cytoplasm  contains  numerous  bodies,  rodlike  or  spherical  in 
form,  which  in  the  Uving  cell  are  refringent,  like  the  refractive 
body,  and  in  fixed  and  stained  material  resemble  that  body  in 
all  staining  reactions.  In  his  study  of  the  developing  spermatid 
Marcus  finds  that  these  bodies,  now  uniform  in  size  and  spherical 
in  outline,  gradually  fuse  together  and  thus  ultimately  form  the 
refractive  body  itself.  Mayer  showed  that  this  body  is  formed 
in  exactly  the  same  way  in  A.  megalocephala.  His  work  is 
confirmed  by  Romieu,^  and  I  have  seen  the  same  phenomenon. 

» The  authors  just  named  explain  the  long  delay  in  the  discovery  of  the  place 
and  manner  of  formation  of  this  body.  They  find  that  in  only  one  male  out  of 
thirty  killed  is  the  development  of  the  sperm  cells  in  just  the  right  stage  to  show 
this  formation.    This  proportion  is  so  small  that  we  are  not  surprised  that  the 
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Thus  the  destiny  of  the  refringent  granules  and  vesicles,  which 
have  long  been  observed  in  the  spermatocytes  and  spermatids 
of  nematodes  and  of  A.  megalocephala  in  particular,  is  no  longer 
a  mystery.  Every  obsen'-er  since  the  time  of  Munk  ('58)  has 
seen  them,  and  many  have  been  struck  with  the  similarity  be- 
tween the  appearance  of  them  and  the  refractive  body,  both  in 
life  and  in  fixed  and  stained  material.  Indeed,  Nussbaum  ('84) 
and  Schneider  ('02)  suggested  their  true  relationship,  but  neither 
saw  any  proof  of  it.  Now,  however,  we  have  this  proof,  and  the 
search  for  the  true  origin  of  the  refractive  body  leads  us  to  a 
study  of  the  complete  history  of  the  refringent  vesicles. 

THE  REFRINGENT  GRANULES  AND  VESICLES 
Techniqiie 

These  bodies  are  readily  seen  in  unstained,  Uving  cells  as 
spherical,  shining  granules  or  droplets  scattered  throughout  the 
cjrtoplasm.  No  division  has  ever  been  observed  in  them,  though 
if  it  occurred  it  could  easily  be  seen.  Such  intra  vitam  stains  as 
neutral  red,  methyl-green  or  methyl-blue  are  readily  taken  by 
them.  But  some  of  the  nuclear  structures  also  take  these  stains. 
They  are  fixed  equally  well  by  all  the  osmic  fixatives  and  by  most 
of  the  acetic  mixtures.  After  fixation,  as  well  as  in  life,  the  sim- 
ilarity of  their  staining  reactions  to  those  of  certain  nuclear 
structures  is  striking.  Most  of  the  stains  in  common  use  give 
results  which  would  lead  one  to  conclude  that  these  refringent 
bodies  are  made  of  nuclear  material  escaped  into  the  cytoplasm. 
Indeed  Scheben  ('05),  Struckman,  and  Auerbach  all  agree  with 
Munk  ('58)  in  the  belief  that  the  refractive  body  exudes  from  the 
nucleus,  reasoning  only  from  the  similar  staining  reactions  of  this 
body  and  the  chromatin. 

Although  it  is  upon  such  evidence  that  we  must  rely  for  our 
knowledge  of  the  true  relationship  of  the  various  structures  in 
the  cell,  both  nuclear  and  cjrtoplasmic,  the  accuracy  of  our  con- 
clusions will  depend  entirely  upon  the  selectiveness  of  the  stain 

earlier  workers  considered  the  absence  of  the  mature  spermatozoon  in  the  male  to 
be  the  normal  condition;  and  even  if  the  rare  case  of  its  presence  was  observed  it 
was  probably  interpreted  as  abnormal  or  the  resiilt  of  poor  technique. 
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we  use.  For  example,  osmic  acid  stains  all  cytoplasmic  inclu- 
sions in  the  developing  spenn  cell  black  or  gray-black,  while 
iron  hematoxylin  stains  them  all  dark  blue  or  black.  But  it 
would  be  quite  inaccurate  to  say  on  the  evidence  given  by  these 
stains  that  all  these  bodies  are  composed  of  fat,  or  that  they  are 
all  made  of  chromatin.  For  if  we  use  a  counter  stain  with  the 
iron  hematoxylin,  such  as  Bordeaux  red,  we  find  that  certain 
of  these  bodies  retain  the  blue-black  color  while  others  readily 
give  it  up  and  take  the  red.  They  must  therefore  be  quite  differ- 
ent in  chemical  nature. 

The  physiological  cytologist  insists  that  the  true  chemical 
natiu^  of  no  protoplasmic  structure  can  be  told  by  its  reaction 
to  a  stain.  Many  workers  in  this  field  have  shown  that  the 
staining  reactions  of  such  material  are  almost  wholly  determined 
by  the  ionic  sign  of  the  fixative  used,  and  so  give  little  or  no 
information  concerning  the  chemical  nature  of  parts.  This  is 
true;  yet  when  two  structures  always  stain  differently  after  a 
given  fixative  it  is  fair  to  conclude  that  they  are  unlike  chemi- 
cally. But  the  converse  of  this  statement  is  true  only  when  we 
use  a  very  selective  stain.  In  the  hope  of  finding  a  truly  differ- 
ential stain,  one  which  would  show  in  this  broad  way  a  difference 
of  chemical  nature,  I  used  in  the  present  study  combinations 
of  the  following  fixatives  and  stains:  Flemming's  strong  solu- 
tion, without  stain;  Benda's  modification  of  this  solution  and 
his  'krystal  violet'  stain;  Altmann's  fixative  and  his  acid  fuchsin 
stain,  washed  in  picric  alcohol.  Besides  these  reciprocal  stains 
suggested  by  the  men  who  designed  the  fixatives,  I  used  the 
Ehrlich-Biondi-Heidenhain  preparation  and  iron  hematoxylin- 
Bordeaux  red  as  double  stains,  not  only  after  these  fixatives  but 
also  after  Camoy  and  Lebrun's  fluid,  sublimate-acetic,  zur  Stras- 
sen's,  Tellysnickski's,  Zenker's,  Muller's,  and  Bouin's  fixatives. 
The  unstained  osmic  preparations  are  of  little  value  from  the 
point  of  view  of  differentiation,  no  matter  how  carefully  treated. 
Altmann's  acid-fuchsin-picric-alcohol  method  is  somewhat  better, 
but  it  does  not  differentiate  clearly  the  refractive  body  and  the 
mitochondria  or  'plastochondria'  (Meves)  from  chromatic  struc- 
tures.   But  most  of  the  acetic  fixatives  show  good  differentiation 
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of  both  nuclear  and  cytoplasmic  structures  when  followed  by 
either  iron  hematoxylin-Bordeaux  red,  or  the  Ehrlich-Biondi 
stain.  These  combinations  and  those  suggested  by  Benda  were 
indeed  the  only  ones  that  proved  to  be  of  value  in  this  study. 
The  most  instructive  reactions  obtained  were  those  caused  by 
Benda's  fixative  and  stain.'  A  late  spermatocyte  with  this  tech- 
nique shows  the  numerous  refringent  bodies  stained  blue,  the 
karyosome  or  chromatic  nucleolus  red-brown,  and  the  plastosome 
and  certain  small  granules  throughout  the  cytoplasm  (Meves' 
'plastochondria')  yellow.  While  these  diflferent  colors  tell  us 
nothing  concerning  the  chemical  composition  of  these  structures 
we  must  conclude  that  they  are  not  alike  chemically.  The  prime 
value  of  Benda's  stain  for  our  present  purpose,  therefore,  is  that 
it  is  more  selective  than  any  other  used.  The  other  combinations 
mentioned  will  distinguish  the  plastosome  and  small  granules 
from  the  karyosome  and  the  refringent  vesicles,  but  the  latter 
so  closely  resemble  each  other  in  color  that  they  might  easily  be 

*  Owing  to  frequent  injury  to  sections  in  following  Benda's  directions  for 
staining,  I  modified  his  method  slightly.  As  used  by  Benda,  Meves,  Duesberg 
and  others,  the  treatment  of  material  for  this  stain  is  as  follows:  after  fixation  in 
strong  Flemming's  or  Hermann's  fluid,  the  tissue  is  washed  in  water,  then  left 
in  a  mixture  of  equal  parts  of  pyroligneous  acid  and  1  per  cent  chromic  acid  to 
mordant.  Then  for  a  like  period  of  time,  say  twenty-four  hours,  in  a  2  per  cent  so- 
lution of  bichromate  of  potash  for  the  'second  chromization.'  The  material  is 
then  washed,  dehydrated  and  imbedded  as  usual.  After  sectioning,  iron  alum  in 
a  2  or  4  per  cent  solution  is  used  as  a  mordant,  and  also  an  aqueous  solution  of 
sodimn  sulfalizarine.  After  washing  in  water,  a  solution  of  'krjrstal  violet'  is 
poured  over  the  sections  and  the  slide  is  held  over  a  flame  until  steam  arises  from 
the  solution.  The  stain  is  then  poured  off  and  the  sections  are  washed  in  water. 
Next  they  are  destained  in  30  per  cent  acetic  acid,  and  after  being  thoroughly 
rinsed  in  water  they  are  dried  between  sheets  of  blotting  paper.  The  sections 
are  then  put  directly  into  absolute  alcohol  for  a  moment,  and  are  cleared  and 
mounted  as  usual.  I  found,  however,  that  heating  the  sections,  destaining  them 
in  30  per  cent  acetic  and  finally  drying  them  between  blotting  or  filter  paper  ruined 
most  of  the  sections.  I  got  just  as  clear-cut  and  permanent  stain  differentiation 
by  using  the  following  method:  after  washing  the  excess  alizarine  solution  from 
the  sections  by  carefully  dipping  the  slide  into  water,  they  were  stained  by  putting 
the  slide  into  a  3  per  cent  solution  of  'krystal  violet'  (3  cc.  aniline  stain  in  100  cc. 
distilled  water)  for  ten  minutes.  They  were  then  rinsed  in  water  and  put  into 
80  per  cent  alcohol  for  about  five  seconds;  then  into  95  per  cent  and  finally  into 
absolute  alcohol,  where  the  destaining  was  watched  carefully.  Then  the  sections 
were  cleared  and  mounted  as  usual. 
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considered  to  be  alike  chemically.  But  with  Benda's  stain  such 
a  misinterpretation  could  not  be  made;  for  the  red-brown  of  the 
karyosome  and  the  karyochromatin  is  quite  distinct  from  the 
deep  blue  of  the  refringent  vesicle. 

What  then  does  the  use  of  Benda's  stain  teach  us  concerning 
the  material  which  makes  up  these  vesicles  before  they  appear 
in  the  late  spermatocyte? 

Origin 

There  is  no  trace  of  this  blue-staining  material  in  the  cytoplasm 
of  the  spermatogonium^^  neither  during  division  stages  nor  in  the 
'rest  stage'  nor  yet  in  the  synizesis  period.  But  within  the  nuclear 
membrane  throughout  all  of  these  stages  a  blue-staining  material 
is  immistakably  present.  It  is  most  abundant  in  the  prophase 
of  the  spermatogonial  divisions,  where  it  lines  the  nuclear  mem- 
brane in  thin  sheets  and  irregular  masses,  apparently  covering 
the  karyochromatin*  (figs.  2  and  3).  Often  however  the  karyo- 
some itself  is  cut,  showing  a  red-brown  color  inside,  though  it  is 
covered  by  the  blue  staining  material.  During  division  this 
material  is  seen  covering  the  chromosomes.  Figure  1  represents  a 
f ortimate  section  of  a  cell  in  metaphase  in  which  two  chromosomes 
were  cut  nearly  lengthwise.  The  karyochromatin  at  the  center 
of  each  is  stained  red-brown  while  the  surfaces  are  blue. 

Throughout  the  synizesis  period  the  chromatic  skein  is  in  con- 
tact with  the  nuclear  membrane  at  many  points.  As  this  period 
closes,  the  greater  part  of  the  blue-staining  material  passes  toward 
the  nuclear  wall,  while  the  karyochromatin  and  the  plastochro- 
matin  aggregate  to  form  the  karyosome  and  the  plastosome 
respectively.  As  a  rule  these  bodies  take  positions  near  the  center 
of  the  nucleus. 

The  young  spermatocyte  thus  shows  a  fairly  definite  lopaliza- 
tion  of  three  nuclear  materials,  which  stain  quite  diflferently 
from  each  other  (fig.  4).  The  migration  of  the  blue  staining 
material  does  not  cease  when  it  reaches  the  nuclear  membrane, 
though  as  a  rule  practically  all  of  it  has  come  to  line  the  nuclear 
wall  in  the  form  of  cords  and  plates  before  any  of  it  pushes  through 
the  membrane  into  the  cylioplasm  (fig.  4).     In  figures  4  and  5 
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we  see  the  actual  penetration  of  the  nuclear  membrane  by  this 
material.^  Once  in  the  cjrtoplasm  it  takes  spherical  shape  as 
tiny  granules,  or  as  droplets  easily  visible  under  the  low  power 
lens,  according  as  the  quantity  of  material  transuding  at  that 
point  is  larger  or  smaller.  These  droplets  have  long  been  known 
as  the  'refringent  granules.'  Their  refringent  appearance,  how- 
ever, is  acquired  after  they  have  reached  the  cytoplasm.  It  is 
due  to  the  formation  of  yolk  within  them,  as  will  be  shown  later. 
The  material  of  which  they  consist  is  therefore  a  yolk-forming 
substance. 

Such  cytoplasmic  inclusions  in  gland  and  sex  cells,  con- 
trolling secretion  there  and  staining  blue  after  Benda's  stain, 
are  called  by  many  C3rtologists  'mitochondria.'  But  these  are 
thought  to  be  wholly  cjrtoplasmic  in  origin,  having  nothing  to 
do  with  the  nucleus  or  its  contents.  We  cannot  therefore  use 
this  term  to  represent  these  yolk-forming  granules  in  Ascaris 
spermatocytes,  for  they  arise  in  the  basichromatin  or  karyo- 
chromatin  of  the  nucleus  and  pass  out  into  the  cytoplasm. 

Meves  uses  the  term  'plastochondria'  to  represent  cytoplasmic 
granules  arising  in  the  oxychromatin  or  plastochromatin,  and  so 
indicates  their  origin  and  nature.  I  would  suggest  the  term 
'karyochondria'  for  these  yolk-forming  granules,  because  it  like- 
wise indicates  their  origin  and  nature.*  The  observation  of  the 
migration  of  the  karyochondria  from  the  nucleus  leads  to  an 

*  I  am  indebted  to  Professor  McClung  for  confirming  this  observation. 

*  The  following  table  will  define  the  terms  'karyochondria'  and  'plastochon- 
dria'  as  they  are  used  in  this  paper: 


Karyochondria 


Origin  Function 

Arise  in  the  basi-   Yolk-forming  gran- 


chromatin:  i.e., 
chromatin  net- 
work, chromatin 
nucleolus  or  kar- 
yosome,  and 
chromosomes 


ules,  which  very 
soon  become 
yolk  vesicles. 
These  fuse  to 
form  the  'refrac- 
tive body'  of  the 
spermatozoon 


Equivalents 

Cytoplasmic      nu- 

cleoles 
Pseudochromo- 

somes 
Accessory  nuclei 
Vitelline  body 
Trophochromatin  | 
Ergastoplasm      o  f 

Prennant    and 

Bouin 
Mitochondria  of 

Meves  and  Korff 


Digitized  by  VjOOQIC 


SPERMATOGENESIS  OF  ASCARIS 


429 


interesting  interpretation  of  the  condition  of  the  cytoplasm  of  the 
spermatocyte  as  shown  in  figure  10.  Here  we  find  granules  and 
yolk  vesicles  of  varying  sizes  scattered  throughout  the  cytoplasm. 
Small  granules  may  be  close  to  the  cell  wall,  while  near  the 
nucleus  we  may  find  fully  formed  yolk  vesicles.  Since  the  karyo- 
chondria^do  not  arise  de  novo  in  the  cytoplasm  there  must  be 
a  constant  movement  of  the  cjrtoplasm,  or  these  inclusions  could 
not  become  thus  scattered.  Such  protoplasmic  movement  is 
well  known  in  resting  plant  cells,  and  it  occurs,  of  course,  in  all 
dividing  cells;  but  it  must  occur  also  in  the  resting  spermatocyte 
of  Ascaris  (figs.  6  to  10). 

Development 

The  karyochondria,  almost  as  soon  as  they  first  appear  in  the 
cjrtoplasm,  increase  in  size  and  become  less  deeply  staining. 
They  remain  spherical  in  outline  as  they  grow;  no  irregular  or 
dmnb-bell  shapes  appear  amongst  them.  Though  their  growth 
seems  to  be  quite  definitely  limited,  ceasing  when  the  diameter 
is  about  ten  times  that  of  the  original  granule,  I  have  not  been 
able  to  find  undoubted  cases  of  division  or  even  fragmentation. 
For  some  time  before  the  maturation  divisions,  the  cjrtoplasm  is 
about  half  filled  with  vesicles  evenly  distributed  through  it  and 
imiform  in  size  and  staining  reaction.  A  count  of  the  vesicles 
in  the  median  plane  of  such  a  cell  corresponds  so  closely  with  one 
made  in  a  cell  in  the  midst  of  the  growth  period,  when  only  a 
few  of  the  granules  have  become  fully  formed  vesicles,  that  it 


Plastochondria 


Arise  in  the  oxy- 
chromatin:  i.e., 
the  linin  net- 
work, true  nu- 
c  1  e  o  I  u  s  or 
plasmosome  or 
plastosome,  the 
centrosome  and 
centrosphere 


Minute  granules 
which  make  up 
the  interalveolar 
reticulum,  the 
fibrillae,  the  rays 
and  fibers  of  the 
division  figure. 
After  reaching 
the  egg  cyto- 
plasm they  dis- 
solve and  help  to 
form  the  fertili- 
zation membrane 


Mitochondria  of 
Marcus,  Mayer, 
Romieu,  etc. 

Microsomes 

PlastidUles 

Archoplasm 

Protoplasmic  cor- 
puscles. 

Paraplasm  or  met- 
aplasm    (Wilson) 
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is  evident  that  no  division  occurs  among  the  vesicles.  Their 
number,  which  is  remarkably  uniform  in  all  the  cells  of  a  tube, 
seems  to  be  determined,  therefore,  by  the  amount  of  transuding 
karyochondria. 

Destiny 

Just  before  the  first  maturation  division  the  centrosomes 
emerge  from  the  nucleus.  The  refringent  vesicles  at  once  begin 
to  arrange  themselves  in  concentric  arcs  about  them.  This  sym- 
metrical arrangement  is  kept  throughout  the  divisions.  The  close 
of  the  anaphase  of  .the  second  division  is  marked  by  two  interest- 
ing events ;  the  fusion  of  the  centrosome  with  the  two  chromosomes 
in  each  spermatid,  and  the  withdrawal  of  small,  dense  granules 
(plastochondria)  from  the  refringent  vesicles  (fig.  34). 

When  the  new  spermatids  separate  they  are  spherical,  and  in 
them  the  vesicles  are  arranged  radially  and  concentrically  in 
four  or  five  layers.  Each  spermatid  has  at  its  center  the  fused 
centrosome  and  chromosomes,  surrounded  by  a  clear  mass  of 
cytoplasm,  or  the  'perinuclear  zone'  of  Van  Beneden.  In  this 
zone  lie  the  plastochondria,  or  'microsomes'  of  Van  Beneden.  In 
the  great  majority  of  males  killed  one  finds  only  spermatids  of 
this  form  filling  the  vas  deferens  (figs.  12  and  35).  Among  them, 
however,  are  many  which  show  'cytoplasmic  reduction,'  a  phe- 
nomenon now  recognized  in  the  development  of  the  spermatids  of 
a  good  many  animals.  In  these,  probably  the  older  ones,  a  mass 
of  cytoplasm  containing  plastochondria  but  without  refringent 
vesicles,  gradually  flows  out  from  the  spherical  spermatid  and 
is  cut  off  from  it  (figs.  13  and  14).  Romieu  ('11)  was  the  first 
to  describe  this  phenomenon  in  Ascaris.  As  a  result  of  this  loss, 
the  voliune  of  the  spermatid  is  often  reduced  one-half,  and  the 
vesicles  are  thus  brought  close  together. 

In  extremely  rare  cases  a  male  will  be  found  in  which  the  sper- 
matids are  transforming  into  spermatozoa.  This  transformation 
probably  occupies  only  a  few  minutes,  and  takes  place  just  be- 
fore copulation  occurs. 

In  these  the  vesicles  gradually  fuse  together  until  they  form 
three  or  foiu*  large  globules  which  surround  the  clear  zone  (figs. 
25  and  36).     Indeed,  this  is  usually  encroached  upon,  and  some- 
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times  the  central  mass  is  temporarily  pushed  aside  (fig.  37). 
Fusion  continues,  however,  until  a  single  hemispherical  body  is 
fonned  which  comes  to  lie  in  the  cytoplasmic  cone  of  the  sper- 
matid, stretching  the  latter  until  it  forms  a  mere  sheath  around  it 
(figs.  15  and  38).  The  refractive  mass  now  elongates,  taking  the 
form  of  a  truncated  cone.  Its  base  is  slightly  concave,  and 
adjoins  the  clear  zone,  which  has  regained  its  former  position 
(fig.  48). 

The  refractive  body  is  now  completely  formed.  Before  the 
fusion  of  the  refringent  vesicles  begins  sections  of  them  show 
a  different  reaction  to  stains  on  the  surface  and  in  the  interior. 
This  difference  is  very  marked  in  sections  of  the  globules  and  of 
the  refractive  body  itself.  While  the  surfaces  of  all  these  in- 
clusions remain  a  deep  blue  after  Benda's  stain  the  interiors  of 
them  become  more  and  more  yellowish  as  fusion  progresses,  and 
finally  the  entire  inner  portion  of  the  refractive  body  stains  yel- 
low. In  the  older  spermatozoa  even  the  surface  of  this  body 
loses  the  blue  color  (figs.  12,  15,  16  and  25).* 

I  believe  this  is  the  final  step  in  the  history  of  the  blue-staining 
material,  or  karyochondria,  in  Ascaris;  that  it  is  entirely  con- 
sumed in  the  formation  of  the  refractive  body  of  the  spermatozoon 
by  changing  chemically  into  the  material  of  which  that  body  is 
made,  namely,  yolk. 

For  we  know  that  all  secretions  whether  glandular  or  yolk, 
stain  yellow  after  Benda's  stain.  Indeed,  Bouin  ('05)  considers 
the  growing  spermatocyte  homologous  with  the  gland  cell  so 
far  as  the  secretion  of  yolk  in  it  is  concerned.  We  know  that  in 
many  gland  cells  a  substance  appears  in  the  cytoplasm  just  be- 
fore secretion  begins,  and  gradually  disappears  as  the  secreted 
material  acciunulates  (Faiu^Fremiet,  '10,  for  literature).  This 
substance  has  been  called  a  'prezymogen' — a  factor  which  directs 
secretion,  and  may  later  transform  into  the  secretion  itself.  In 
other  forms  this  factor  is  known  as  'mitochondria,'  and  its  be- 
havior seems  to  be  followed  precisely,  as  we  have  seen,  by  the 
karyochondria  in  Ascaris.  Mitochondria,  however,  are  consid- 
ered to  be  wholly  cytoplasmic  in  origin. 

•  Romeis  ('12)  confirms  this  observation. 
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ROLE  OF  THE  REFRACTIVE  BODY 

In  OUT  search  for  the  nature  and  function  of  this  unique  struc- 
ture, a  review  of  the  normal  behavior  of  the  Ascaris  spermatozoon 
will  be  of  interest.  So  far  as  we  know  at  present,  these  cells 
are  injected  into  the  distal  end  of  the  uterus  at  the  time  of  cop- 
ulation, and  have  to  make  their  way  to  the  proximal  region  of 
this  organ  by  their  own  powers  of  locomotion,  for  the  unferti- 
lized eggs  are  to  be  found  only  at  the  proximal  end.  The  uterus 
is  usually  not  less  than  12  and  may  be  more  than  15  cm.  in 
length,  and  it  is  always  full  of  eggs  and  developing  larvae.  The 
spermatozoa  have,  therefore,  a  relatively  long  and  difficult  joiu*- 
ney  to  accomplish;  and  since  their  only  known  method  of  loco- 
motion is  amoeboid  creeping,  their  rate  of  travel  must  be  very 
slow.  Indeed,  the  total  distance  to  be  traversed  by  them  is 
far  greater  than  the  length  of  the  uterus,  because  the  inner  walls 
of  this  organ  are  thickly  studded  with  epithelial  papillae,  so  that 
their  course  cannot  be  a  direct  one.  It  is  evident,  therefore,  that 
a  considerable  amount  of  energy  must  be  expended  by  the  sperma- 
tozoa in  making  this  journey,  and  hence  a  definite  food  supply 
is  necessary  for  their  use. 

A  very  brief  examination  of  the  sperm  which  have  reached 
the  proximal  or  'entrance  region'  of  the  uterus  shows  a  great 
variation  in  the  form  and  size  of  the  refractive  body,  as  we  have 
seen.  While  Van  Beneden  interpreted  these  various  shapes  as 
indicating  different  stages  in  the  growth  of  this  structure,  basing 
his  opinion  upon  the  hypothesis  of  the  uterine  origin  of  it,  Mayer, 
Romieu,  Romeis  and  others  interpret  them  as  stages  in  the  pha- 
gocytosis or  degeneration  of  superfluous  spermatozoa.  I  believe, 
however,  that  they  merely  mark  the  normal  consumption  of  a 
proper  food  supply  by  the  spermatozoon  itself.  While  figures 
40  and  48  represent  sperm  in  which  very  little  change  in  the 
form  of  this  body  has  taken  place,  such  are  rare.  In  figures 
40,  46  and  47  are  shown  those  in  which  only  a  remnant  is  left  in 
the  form  of  a  corroded  axial  rod.^    In  figures  39,  and  41  to  45 

^  Since  iron  hematoxylon  used  after  any  acetic  fixative  stains  both  the  inner 
and  outer  parts  of  the  refractive  body  blue-black,  it  is  an  excellent  stain  to  use 
to  reveal  even  slight  traces  of  this  structure. 
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spermatozoa  are  represented  which  not  only  have  lost  all  trace 
of  the  refractive  body,  but  are  entering  eggs  in  this  condition. 
In  sections  of  one  tube  I  found  that  nearly  half  the  eggs  had  been 
entered  by  spermatozoa  of  this  kind.  To  be  sure  that  these  were 
not  merely  lying  upon  the  sections,  I  examined  many  whole 
eggs  which  had  been  fixed  and  stained  just  as  the  sectioned 
eggs  were,  and  found  many  eggs  which  were  being  entered  by 
such  spermatozoa.  I  have  examined  a  great  many  egg  tubes  and 
find  them  all  alike  with  respect  to  this  phenomenon  (figs.  42  to  45). 

Probably  no  point  in  the  study  of  Ascaris  spermatogenesis  has 
called  forth  greater  difference  of  opinion  than  the  nature  and 
function  of  the  refractive  body.  Van  Beneden  first  observed 
spermatozoa  entering  eggs  without  it,  and  concluded  from  this 
fact  that  it  plays  no  part  whatever  in  fertilization.  His  fiuliher 
conclusion  that  its  presence  in  the  spermatozoon  is  purely  acci- 
dental must  be  judged  in  the  light  of  the  fact  that  he  had  seen 
this  structure  only  in  the  proximal  region  of  the  uterus,  and 
thought  it  was  formed  there. 

Boveri  agrees  with  Van  Beneden  that  it  is  not  necessary  for 
fertilization,  since  this  is  accomplished  with  or  without  it.  Sche- 
ben,  on  the  other  hand,  believes  it  to  be  most  important  in  fer- 
tilization, for  he  thinks  it  gives  rise  to  the  male  pronucleus. 
Tretjakoff  believes  that  its  only  function  is  to  serve  as  a  mechan- 
ical support  for  the  sperm,  corresponding  in  this  respect  to  the 
capsule  of  the  decapod  spermatozoon  as  interpreted  by  Koltzoff . 

Romieu  agrees  to  this  suggestion,  but  adds  that  it  may  feed 
the  egg  as  well  as  to  help  in  effecting  penetration.  Romieu  thinks 
that  its  presence  is  the  sign  of  maturity  of  the  sperm,  and  that 
it  is  present  in  every  functional  male  cell. 

Marcus  suggests  that  in  Ascaris  canis  it  may  be  a  food  supply. 
On  page  460  we  read,  ''Ich  muss  mich  also  in  Gregensatz  zu 
Scheben  der  Ansicht  v.  Benedens  imd  Boveris  ausschliessen  die 
dem  Glanskorper  keine  unmittelbare  Bedeutung  bei  der  Be- 
fruchtung  zuschreiben.  Nach  meiner  Auffassimg  ist  er  ein 
Nahrungskorper.  Ob  die  Dotterkugeln  bei  den  Spermatocyten 
urspriinglich  aus  dem  ins  Plasma  hinausgetreten  Trophochrom- 
atin   entstanden  sind,  kann  ieh  nicht  entscheiden.^'     He  adds 
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that  this  may  occur,  but  he  thmks  it  is  not  probable  because 
the  yolk  forms  first  at  the  periphery  of  the  cell. 

Marcus  thus  approaches  very  closely  the  true  origin  and  nature 
of  the  refractive  body.  He  lacked  only  the  actual  observation 
of  the  escape  of  the  'trophochromatin'  or  karyochondria  from 
the  nucleus  into  the  cytoplasm,  and  the  formation  from  this  of 
the  refractive  vesicles,  to  complete  his  history  of  the  refractive 
body  in  Ascaris  canis.  As  we  have  seen,  this  gap  is  filled  by 
this  study  of  A.  megalocephala.  If  it  be  true  that  the  yolk  ves- 
icles first  appear  near  the  cell  wall  in  A.  canis,  it  must  be  due  to 
chance  aggregation  of  them  there  as  a  result  of  protoplasmic  move- 
ment. The  smaller  granules  from  which  others  would  be  derived 
must  be  scattered  throughout  the  cell,  though  these  might  have 
been  overlooked. 

At  any  rate,  the  suggestion  of  Marcus  is  the  correct  one — 
borne  out  fully,  I  believe,  by  the  observations  recorded  in  this 
paper — that  the  refractive  body  plays  no  essential  part  in  ferti- 
lization, but  that  it  is  merely  a  food  supply  for  the  spermatozoon 
alone,  derived  from  the  cytoplasm  through  the  activity  of  a  sub- 
stance which  escapes  from  the  nucleus,  the  karyochondria. 

THE  'MITOCHONDRIA' 

When  spermatocytes  are  stained  in  iron  hematoxylon  alone, 
after  fiixation  in  an  acetic  mixture,  and  destained  almost  com- 
pletely, one  finds  small  dense  granules  in  the  refringent  vesicles 
which  stain  black.  In  those  cells  which  are  approaching  divi- 
sion the  vesicles  are  slightly  oval,  and  the  granules  arrange  them- 
selves in  chains  or  rods  which  lie  in  the  long  axes  of  the  vesicles. 
They  are  most  conspicuous  during  the  metaphase  of  the  second 
maturation  division,  because  at  this  time  the  refringent  vesicles 
are  arranged  concentrically  aroimd  the  centrosomes,  and  the 
chains  of  granules  are  therefore  perfectly  radial  with  respect  to 
these  (fig.  34). 

But  during  the  anaphase  of  this  division  the  chains  of  granules 
are  drawn  out  of  the  vesicles  and  break  up,  and 'the  separate 
granules  crowd  close  up  to  the  chromatic  mass,  but  in  radial  and 
concentric  lines.    The  refringent  vesicles,  also  acted  upon  by  the 
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attractive  force  of  the  centrosome,  arrange  themselves  in  con- 
centric circles.  The  size  and  number  of  those  vesicles  in  the 
nearest  circle  prevent  them  from  coming  up  to  the  attracting  mass 
at  the  center,  so  that  a  clear  zone, — the  '  perinuclear  zone'  of  Van 
Beneden,  is  left  around  it.  In  this  zone  the  granules  just 
described  stand  out  clearly. 

The  vesicles  still  stain  blue  in  Benda's  stain,  though  of  a  lighter 
shade  than  before  the  divisions,  but  the  granules  always  stain 
yellow;  and,  since  they  surround  the  closely  jnassed  centrosome 
and  chromosomes,  the  red-brown  of  the  latter  is  completely 
masked  by  the  yellow,  imless  seen  in  section  (figs.  12).  After 
iron-hematoxylin-Bordeaux  red  the  granules  stain  red,  while 
the  vesicles  stain  blue;  and  in  Ehrlich-Biondi  the  granules  take 
the  red  dye  and  the  vesicles  are  purple  (fig.  25).  Thus  these 
granules  must  be  quite  unlike  the  vesicles  chemically.  Their 
origin  and  history  will  be  of  interest. 

The  plastosome  and  the  plastin  grains  or  plastochondria 

The  plastosome  appears  in  the  nucleus  of  the  spermatogonium 
very  soon  after  division  ceases.  It  is  a  small  granule  throughout 
the  'rest  period'  and  stains  yellow  after  Benda's  stain  (figs.  3  to 
11),  bri^t  red  after  Ehrlich-Biondi  (figs.  19  to  24)  and  black 
after  iron  hematoxylin  (figs.  29,  30  and  31) ;  while  the  karyochro- 
matin  stains  red-brown,  green  and  blue-black  respectively,  after 
these  stains,  as  shown  in  the  figures  just  mentioned. 

During  the  synizesis  stage  the  plastosome  increases  in  size, 
and  often  small  granules  staining  just  like  it  are  to  be  seen  scat- 
tered throughout  the  nucleus  (figs.  19,  20  and  21).  Throughout 
the  long  growth  period  these  remain  evident,  and  their  niunber 
increases. 

Early  in  the  growth  period  small  granules  like  those  just  de- 
scribed in  the  nucleus  appear  in  the  cytoplasm.  They  are  very 
small,  0.1  to  0.5  /*  in  diameter  (figs.  5,  6  and  7).  At  the  close  of 
the  growth  period,  when  the  centrosome  leaves  the  nucleus  it 
takes  these  granules  with  it  into  the  cytoplasm.  They  are  often 
clustered  around  it  in  the  form  of  a  hollow  sphere,  as  shown  in 
section  in  figure  24.    As  the  cleavage  figure  is  formed,  many  of 
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the  granules  scatter  throughout  the  cytoplasm,  and  these  cannot 
be  distmguished  by  size,  fonn  or  staining  reaction  from  those 
already  there. 

At  about  this  time  one  finds  similar  granules  inside  the  refrin- 
gent  vesicles,  as  stated  above.  The  plastosome  itself  sometimes 
survives  the  growth  period  as  a  unit,  though  often  it  does  not. 
It  is  never  found  in  the  spermatid  nor  the  spermatozoon,  but  in 
both  of  these  the  plastochondria  are  very  conspicuous.  Usually 
it  exists  only  as  scattered  fragments  by  the  time  the  maturation 
divisions  occur,  and  these  form  the  rays  and  fibers  of  the  cleavage 
figiu'e.  Whether  these  plastin  grains  or  plastochondria  reach 
the  cytoplasm  by  passing  through  the  nuclear  membrane  at 
many  points,  or  by  going  out  with  the  centrosome  they  are 
undoubtedly  of  plastosomal  origin  and  nature. 

But  some  of  these  granules  develop  within  the  refringent  ves- 
icles, escaping  from  them  just  after  the  second  maturation  divi- 
sion. These  cannot  have  come  from  the  plastosome.  Yet  their 
staining  reactions  indicate  that  they  are  exactly  like  all  the  other 
plastochondria.  We  have,  apparently,  in  this  observation,  a 
proof  of  the  true  origin  of  all  of  the  plastochondria,  and  so  of 
the  plastosome  itself.  Their  staining  reactions,  whether  within 
or  outside  of  the  nucleus,  show  them  to  be  secretion  or  excretion 
products.  Here  we  see  what  substance  it  is  which  first  secretes 
and  then  excretes  them.  In  the  cytoplasm  the  only  secreting 
agent  is  the  karyochondrial  material  in  the  form  of  the  refrin- 
gent granules  and  vesicles.  In  the  nucleus  the  plastosome  does 
not  appear  imtil  this  material  is  present  in  considerable  quantity. 
I  believe  we  must  conclude  that  the  plastosome  and  its  derived 
plastochondria,  therefore — indeed,  the  plastochromatin  in  all  its 
various  forms — ^arises  in  the  karyochromatin  as  a  product  of  its 
metabolism.  Montgomery  ('11)  reaches  this  same  conclusion,  so 
far  as  the  origin  of  the  plastosome  is  concerned,  from  his  study  of 
the  history  of  the  nucleus  of  the  spermatocyte  of  Euchistus. 
That  the  plastochondria  cannot  be  used  as  food  by  the  sperma- 
tozoon is  shown  by  the  fact  that  they  are  excreted  by  the  refrin- 
gent vesicles  just  before  these  fuse  to  form  the  refractive  body, 
which  is  the  food  supply  of  the  spermatozoon.     Earlier  authors 
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have  called  them  'plastidules/  'plastin  granules'  or  'microsomes.' 
Van  Beneden  first  observed  and  figured  them  clustered  around 
the  chromatic  mass  at  the  center  of  the  spermatid.  But  he  did 
not  trace  theu*  origin.  Mayer  first  saw  them  in  the  refringent 
vesicles,  and  leavmg  these  to  take  the  position  just  mentioned.  He 
did  not  trace  their  origin,  however,  and  seems  to  have  overlooked 
the  fact  that  they  always  stain  with  acid  dyes,  for  he  calls  them 
mitochondria,  although  all  cytologists  agree  that  mitochondria 
take  basic  dyes. 

When  the  plastochondria  reach  the  perinuclear  zone  fusion 
occiu^  to  a  limited  extent,  resulting  in  fewer  and  larger  granules, 
while  many  are  still  scattered  throughout  the  cytoplasm  of  the 
spermatid.  Many  of  these  are  lost  when  cytoplasmic  reduction 
occurs.  Though  the  diameter  of  the  spermatid  is  reduced  about 
one-half  at  this  time,  the  granules  lost  seem  to  be  only  those  lying 
by  chance  toward  the  periphery  of  the  cell.  There  seems  to  be 
no  selection  or  segregation  here. 

Those  that  remain  keep  a  fairly  definitely  symmetrical  posi- 
tion around  the  center  of  the  spermatid  during  its  transformation 
into  the  spermatozoon,  regaining  it  if  it  is  temporarily  lost.  The 
smaller  ones  lie  in  the  thin  sheath  of  protoplasm  which  surroimds 
the  refractive  body,  while  the  larger  ones  lie  in  the  sponge-like 
protoplasm  of  the  'crown'  or  head  (figs.  25,  27,  28  and  48). 

In  these  positions  they  are  carried  into  the  egg;  but,  as  soon 
as  they  enter  the  egg  cytoplasm,  the  synunetrical  arrangement 
is  lost,  as  a  consequence  of  the  absorption  of  the  sperm  cytoplasm 
by  that  of  the  egg.  The  larger  ones  in  the  perinuclear  zone  re- 
main in  a  fairly  close  group  long  after  the  outlines  of  the  sperm 
have  been  lost,  and  can  be  distinguished  easily  by  their  larger 
size,  as  Meves  has  recently  pointed  out  ('11),  from  similar  gran- 
ules which  are  scattered  throughout  the  egg  cytoplasm.  After 
the  fusion  of  the  pronuclei,  however,  they  also  become  dispersed, 
fusing  with  those  of  the  egg,  or  with  those  of  there  own  kind,  or 
remaining  as  small  granules  which  take  part  in  the  formation 
of  the  rays  and  fibers  of  the  cleavage  figure.  Romeis  ('12)  con- 
firms the  observations  of  other  authors  who  found  that  they  help 
to  form  the  fertilization  membrane  of  the  egg  after  they  have 
dissolved  in  the  egg  cytoplasm. 
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This  is  the  complete  history  I  believe,  of  the  'mitochondria' 
of  Mayer,  Romieu,  Faure-Fremiet,  and  Romeis,  or  the  "plasto- 
chrondria'  of  Meves.  Their  behavior  is  such  as  any  inert  excre- 
tion grains  would  and  do  show  in  other  cells.  They  imdergo  no 
division,  show  no  inherent  power  of  growth,  and  do  not  trans- 
form into  any  other  substances.  They  are  shifted  about  in  the 
cell  by  any  forces  that  are  set  up  in  it.  Their  staining  reactions 
are  always  those  of  secretion  products,  yellow  after  Benda's 
stain,  and  red  after  Ehrlich-Biondi.  They  do  not  take  intra 
vitam  stains. 

DISCUSSION 

Faure-Fremiefs  definition  of  true  mitochondria 

It  remains  only  to  consider  briefly  the  observations  recorded 
in  this  paper  in  the  light  of  the  study  of  cytoplasmic  inclusions 
in  the  germ  and  body  cell  of  other  animals,  now  recognized  as 
'microsomes,'  protoplasmic  corpuscle,'  'archoplasm,'  'mitochon- 
dria,' 'ergastoplasm,'  'plastochondria,'  and  so  forth,  by  various 
authors.  The  essential  point  in  the  study  of  such  inclusions  is 
to  determine  which  of  them  are  living,  formative  elements,  and 
which  are  inert,  formed  products. 

Ever  since  the  panstaking  work  of  Dujardin,  this  problem  has 
claimed  the  attention  of  the  most  eminent  cytologists.  Faure- 
Fremiet  well  says,  (page  461,  '10) : 

When  we  find  in  a  cell  a  fat  globule,  a  vitelline  corpuscle  or  an  albu- 
minoid granule  which  increases  in  size  until  it  is  absorbed  or  expelled, 
we  do  not  consider  this  an  integral  part  of  the  cell,  since  it  results  from 
the  work  of  the  cell,  or  it  is  utfiized  in  this  work  and  does  not  help  to 
direct  it.  When  we  see,  on  the  other  hand,  the  nucleus  of  the  cell  or 
a  leucoplast  we  consider  these  as  part  of  the  organization  of  the  cell, 
controlling  its  work.  We  see  them  grow  and  divide  like  the  cell  itself, 
and  we  know  that  they  are  active  factors  in  the  life  of  the  cell.  We 
conclude  therefore  that  the  nucleus  is  a  living  factor,  while  the  fat 
globule  is  not  This  illustration  is  clear  cut,  but  it  is  often  far  more 
diflScult  to  apply  the  words  formative  svbstance,  and  formed  substance. 

His  closing  sentence  on  this  subject  is  of  interest  in  connection 
with  this  review:  "For  my  part,  when  I  see  that  these  elements 
divide,  that  they  contain  fatty  acids,  or  that  yolk  material  ap- 
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pears  around  or  within  them,  I  merely  say  that  similar  facts  have 
been  observed  in  connection  with  the  leucopasts  of  plants."  These 
sentences  are  quoted  from  the  close  of  the  introduction  to  a  very 
complete  review  of  the  literature  on  mitochondria. 

Mitochondria  as  yolk-forming  factors  in  spermatozoa  and  in  eggs 

In  this  comprehensive  study,  Faure-Fremiet  shows  that  this' 
material  occurs  in  sex  cells  under  four  different  types  of  formation 
and  behavior.  In  the  last  of  these  he  includes  all  those  cases  in 
which  the  mitochondria  transform  partially  or  wholly  into  yolk. 
The  spermatocytes  of  batrachians  and  of  myriapods,  and  the 
oocytes  of  many  groups  of  animals  are  cited  here. 

Prennant  C87),  in  the  spermatocytes  of  myriapods,  observed 
certain  granules  and  filaments  which  he  named  'ergastoplasm,' 
because  he  considered  them  as  active  elements  in  the  cell.  In 
1905  Bouin  showed  that  these  bodies  transform  into  yolk.  Meves 
and  Koiff  ('01)  call  this  material  'mitochondria,'  as  its  behavior 
in  the  myriapods  was  like  that  of  mitochondria  in  other  forms. 

Benda  ('03)  foimd  the  mitochondria  in  the  spermatocyte  of 
Rana  in  a  compact  mass  in  a  cavity  in  the  nuclear  wall.  He 
called  this  mass  the  'corps  condriogens.'  Champy  ('09)  found, 
here  and  there,  in  the  spermatocytes  of  Bombinator  'yolk  vesi- 
cles' of  various  sizes  among  the  mitochondrial  granules  and  fil- 
aments. They  resembled  the  nucleolus  inside  the  nucleus  in 
staining  reaction  but  they  are  often  made  of  two  spheres,  the 
inner  one  always  staining  lighter  or  more  acidophilic  than  the 
outer.  This  author  believed  that  yolk  is  formed  in  these  'cyto- 
plasmic nucleoles'  or  mitochondria,  just  as  in  the  oocytes  of 
Bombinator  or  other  forms. 

Very  clear  cases  of  the  transformation  of  mitochondria  into 
yolk  have  been  foimd  in  the  developing  oocytes  of  a  nmnber  of 
animals.  The  simplest  case  recorded  by  Faure-Fremiet  is  found 
in  the  chilopods,  where  there  is  no  yolk  nucleus  or  vitelline  body 
of  any  kind.  The  mitochondria  themselves  become  yolk  gran- 
ules, then  vesicles  or  globules,  just  as  they  do  in  the  spermatocytes 
of  these  forms. 
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Bouin  C98)  observed  the  'paranuclear  bodies'  in  the  oocytes 
of  Echinoderms  breaking  up  into  'corpuscles;'  these  'disappeared' 
at  the  moment  of  yolk-formation  through  loss  of  their  stainabil- 
ity,  but  the  cell  seemed  to  be  full  of  yolk  granules  and  vesicles. 

Loyez  ('09)  found  in  the  young  oocytes  of  certain  tunicates 
the  'nucleoles'  grouped  around  the  nucleus.  Later  they  form 
^angular  filaments,  which  then  break  up  into  granules.  These 
increase  in  size,  and  show  a  clear,  inner  portion  which  does  not 
stain  blue  in  Benda's  stain,  while  the  surface  does.  These  vesicles 
increase  in  size,  the  unstained  central  portion  growing  at  the  ex- 
pense of  the  blue-staining  surface  material,  until  none  of  it  is 
left.  Van  der  Stricht  ('05)  finds  the  'pseudochromosomes'  in 
the  oocjrte  of  the  white  rat  and  the  bat  breaking  up  into  mito- 
chondria, which  then  transform  into  yolk.  Lams  and  Doorme 
('07)  confirm  these  observations  on  the  oocytes  of  the  rat  and 
the  guinea-pig. 

Mitochondria  in  the  spermatogenesis  of  Ascaris  megalocephala 

Many  other  cases  of  this  kind  might  be  cited,  but  these  are 
clear.  In  view  of  them  my  observations  of  the  origin  and  devel- 
opment of  the  refractive  body  in  Ascaris  lead  clearly  to  the  con- 
clusion that  this  form  and  probably  all  of  the  nematodes  belong 
to  this  foiulih  'type'  of  Faure-Fremiet,  for  the  blue-staining 
material  in  Ascaris  spermatogenesis  is  certainly  a  yolk-forming 
material,  and  eventually  completely  transforms  into  yolk.  Its 
place  of  origin  is  also  clear.  This  'ergastoplasm'  of  Prennant 
and  Bouin,  or  'mitochondria'  of  Meves  and  Korflf  imdoubtedly 
has  its  counterpart  in  the  blue-staining  material  in  the  sperma- 
tocyte of  Ascaris.  The  authors  just  named  thought  that  'mit- 
ochondria' were  expelled  from  the  nucleus  of  the  myriapod  sperma- 
tocyte into  the  cytoplasm.  As  we  have  seen,  this  is  the  origin 
of  the  blue  staining  material  in  the  Ascaris  spermatocyte.  Here 
it  forms  the  refringent  granule,  then  the  surface  of  the  refrin- 
gent  vesicle  and  later  of  the  refractive  body.  It  is  evident  that 
the  term  'mitochondria'  is  ambiguous,  for  as  we  have  just  seen, 
it  is  used  to  stand  for  cytoplasmic  inclusions  which  form  yolk  and 
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also  for  those  which  do  not,  and  which  therefore  must  be  quite 
different  in  origin  and  nature.  While  Meves  and  Korff  use  it  to 
represent  this  yolk-forming  material  of  nuclear  origin,  Benda, 
Duesberg  and  others  use  it  to  represent  structures  which  they 
believe  are  wholly  cytoplasmic  in  origin,  aud  give  rise  to  the  vari- 
ous connective  tissus  of  the  embryo.  The  authors  just  mentioned 
state  that  the  mitochondria  always  take  basic  stains,  though  they 
do  not  arise  in  the  nucleus.  But  Mayer,  Romieu  and  other 
students  of  Ascaris  spermatogenesis  call  the  small,  dense  gran- 
ules foimd  in  the  'perinuclear  zone'  of  the  spermatid,  and  in  the 
'crown'  of  the  spermlatozoon,  mitochondria.  But  these  granules 
not  only  take  acid  stains  always,  but  they  unquestionably  arise 
in  the  nucleus.  Besides,  no  one  has  yet  found  that  they  give 
rise  to  any  yolk  or  embryonic  tissue.  They  seem  to  be  merely 
inert  residua. 

Manifestly,  therefore,  the  term  'mitochondria'  is  useless.  Meves 
recognizes  the  inappropriateness  of  this  name  for  the  gran- 
ules in  Ascaris  just  mentioned,  and  calls  them  'plastochondria' 
because  of  their  resemblance  to  the  plastosome  in  all  staining 
reactions,  and  their  possible  origin  in  it. 

I  would  suggest  the  name  'karyochondria'  for  the  yolk-forming 
granules  because  of  their  close  relation  to  the  karyochromatin. 
It  remains  to  be  seen,  I  think,  whether  all  inclusions  in  the  cyto- 
plasm of  sex  cells  of  other  forms  referred  to  as  'mitochondria' 
cannot  be  identified  with  one  or  the  other  of  these,  the  plasto- 
chondria  or  the  karyochondria,  for  there  is  abundant  evidence 
that  both  yolk-forming  and  organ-forming  factors  first  arise  in 
the  nucleus  and  pass  out  into  the  cytoplasm,  as  will  be  shown 
later. 

Among  the  earlier  students  of  Ascaris  spermatogenesis.  Van 
Beneden  spoke  of  Meves'  plastochondria  merely  as  'protoplasmic 
corpuscles,'  attributing  no  function  whatever  to  them.  Hert- 
wig  figures  them  in  the  refringent  vesicles,  just  before  the  matur- 
ation divisions,  but  he  does  not  discuss  them.  Boveri  found 
them  in  the  egg,  surrounding  the  male  and  female  pronuclei. 
He  called  them  'archoplasmic  grains,'  but  he  attributed  no  sig- 
nificance to  them.    Tretjakoff  figures  them  scattered  among  the 
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refringfent  vesicles  early  in  the  growth  period,  but  he  does  not 
refer  to  their  origin  or  behavior. 

Meves,  however,  finds  that  they  come  from  the  plastosome,  as 
we  have  seen,  and  he  considers  them  of  great  importance  in 
fertilizaton.  He  interprets  the  fact  that  they  fuse  with  similar 
but  smaller  granules  in  the  egg  as  a  phenomenon  of  great  sig- 
nificance. Meves  was  not  the  first  to  observe  this  fusion;  as  he 
points  out  (p.  686),  L.  and  R.  Zoja  ('91)  first  described  it.  But 
Meves  thinks  that  these  observers  missed  the  significance  of  it. 
He  believes  that  through  the  fusion  of  the  plastochondria  from  the 
sperm  with  those  of  the  egg,  the  male  transmits  to  the  offspring 
all  the  paternal  structural  characters  that  are  to  be  inherited, 
and  that  these  can  be  inherited  in  no  other  way.  Thus,  Meves' 
plastochondria  agree  in  function  with  the  'mitochondria'  of 
Benda,  Duesberg  and  others;  but  the  former  are  nucleaf  in  ori- 
gin, while  the  latter  are  thought  to  arise  entirely  within  the  cyto- 
plasm. Even  if  the  male  pronucleus  could  be  utterly  obliter- 
ated before  it  fused  with  the  female  pronucleus,  the  offspring, 
according  to  Meves,  would  show  structural  characters  inherited 
•from  the  father. 

But  we  may  well  ask  what  proof  is  there  for  considering  the 
plastochondria  to  be  of  such  great  biological  importance?  Meves 
gives  us  none  whatever  except  that  these  granules  persist 
throughout  the  early  cleavages.  As  we  have  seen  these  gran- 
ules play  the  part  of  inert  products  in  the  cytoplasm  forming  the 
fibers  or  rays  of  the  cleavage  figure,  or  through  their  solution 
helping  to  form  the  fertilization  membrane  (Romeis).  We  are 
entirely  without  evidence  of  the  great  importance  of  these  gran- 
ules in  heredity.  On  the  other  hand,  there  seem  to  be  serious 
reasons  for  doubting  the  interpretation  of  them  which  Meves  has 
given. 

a.  Inheritance  in  enucleated  eggs.  If  Meves'  interpretation  be 
correct,  Boveri's  classic  experiment  of  fertilizing  the  enucleated 
eggs  of  Sphaerechinus  with  sperm  of  Echinus  should  yield  plutei 
which  are  not  of  the  pure  Echinus  type,  since  the  egg  plastochon- 
dria should  contribute  Sphaerechinus  structures  to  the  hybrid. 
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Boveri,  however,  believes  that  the  plutei  so  produced  are  of  the 
pure  Echinus  type.  This  conclusion  shows  clearly  that  the  ma- 
ternal plastochondria  are  not  bearers  of  structural  characteristics, 
and  it  cannot  be  supposed  that  these  bodies  in  the  spermatozoon 
possess  hereditary  qualities  not  to  be  found  in  those  in  the  egg. 

6.  Heredity  in  hybrids.  The  experiments  of  Loeb,  Herbst, 
Baltzer,  Tennent  and  others  in  crossing  echinoderms,  fishes,  and 
so  forth,  show  that  heterogeneous  hybrids  are  almost  constantly 
maternal  in  structure.  This  should  never  be  the  case  if  the 
plastochondria  function  in  inheritance  of  structure.  But  the 
larvae  produced  in  these  experiments  show  clearly,  when  studied 
cytologically,  what  it  is  that  determines  their  maternal  tjrpe  of 
structure.  Baltzer,  Tennent  and  others  have  seen  cross-ferti- 
lized eggs  of  echinoderms  actually  eliminate  from  themselves  cer- 
tain bodies  brought  into  them  by  the  spermatozoon.  But  these 
bodies  are  not  plastochondria;  they  are  chromosomes.  Loeb 
finds  that  fish  hybrids  of  this  kind  are  always  maternal,  because 
synapsis  is  never  successfully  accomplished.  Here  again  the  chro- 
matin alone  is  concerned. 

As  is  well  known,  it  is  entirely  possible,  on  the  other  hand,  to 
produce  'intermediate  hybrids.'  But  the  study  of  cross-fertilized 
echinoderm  eggs  has  shown  that  it  is  not  the  fusion  of  paternal 
and  maternal  plastochondria  that  produces  these,  but  the  reten- 
tion of  paternal  chromatin  by  the  fertilized  egg.  This  always 
occurs,  apparently,  in  forms  sufficiently  closely  related. 

c.  Normal  fertilization  in  Nereis.  No  clearer  proof  of  the 
secondary  importance  of  cytoplasmic  structures  in  fertilization 
and  inheritance  could  be  desired,  however,  than  that  furnished  by 
the  observations  of  the  normal  fertilization  of  the  egg  of  Nereis, 
made  recently  by  F.  R.  Lillie.  One  of  the  enigmas  in  the  study 
of  the  cytology  of  the  sex  cells  has  been  for  many  years  the  nature 
and  fimction  of  the  middle-piece.  The  fact  that  it  alone  accom- 
panies the  'head'  or  nucleus  of  the  spermatozoon  into  the  egg  in 
fertilization  has  been  generally  accepted  as  proof  that  it  plays 
some  essential  part  in  that  process.  Indeed,  it  was  the  discov- 
ery that  the  middle-piece  and  its  accessory  structures  are  com- 
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posed  of  'mitochondria'  that  led  Benda,  Duesberg  and  others  to 
claim  for  these  bodies  a  continuity  and  significance  in  heredity 
quite  equal  to  those  of  the  chromosomes. 

But  LiUie  finds  that  the  middle-piece  never  enters  the  egg  in 
Nereis.  This  discovery,  therefore,  renders  this  interpretation  of 
the  importance  of  'mitochondria'  exceedingly  doubtful.  On  page 
427  this  author  discusses  this  question  as  follows: 

The  only  characteristic  thing  about  the  cytoplasmic  elements  intro- 
duced by  the  spermatozoon  is  their  great  variability  as  to  quantity  and 
character  in  different  animals.  In  Ascaris  a  very  large  quantity  of  cyto- 
plasm containing  characteristic  plastosomes  is  introduced,  as  Meves 
has  shown.  In  many,  probably  most,  forms  with  flagellated  sperma- 
tozoa, the  entire  spermatozoon  enters;  in  some  echinids  the  tail  is  left 
without,  and  in  Nereis  both  tail  and  middle-piece  fail  to  enter;  and  turn- 
ing to  plants,  in  phanerogams,  apparently  nothii^  but  the  nucleus  is 
eventually  concerned.  There  is  nothing  on  the  cjrtoplasmic  side  to 
correspond  with  the  regularity  of  the  nuclear  phenomena  in  both  ani- 
mals and  plants.  *  In  such  precise  phenomena  as  those  of  inheritance  a 
mechanism  of  equal  precision  is  to  be  expected,  and  it  must  be  admitted 
that  on  the  cytoplasmic  side  no  such  mechanism  has  been  discovered. 
Moreover,  as  the  laws  of  inheritance  are  the  same  for  both  animals  and 
plants,  a  similar  mechanism  must  exist  for  both,  and  such  has  been  dis- 
covered only  in  the  nuclei  of  the  gametes.  There  is  bad  logic  in  the 
assumption  that  whatever  parts  of  the  spermatozoon  enter  the  egg 
are  necessarily  concerned  in  the  mechanism  of  transmission  in  inherit- 
ance, and  the  view  that  the  cytoplasmic  elements  of  the  male  gamete 
are  concerned  primarily  in  accessory  functions  of  fertilization,  such  as 
locomotion  and  penetration,  is  still  well  founded. 

The  nature  and  function  of  ^mitochondria'  or  plastochondria 

1  beUeve  the  cases  just  cited  argue  strongly  against  Meves' 
interpretation  of  the  importance  of  the  plastochondria  in  Ascaris, 
and  of  the  'mitochondria'  in  other  forms.  If  these  plastin  gran- 
ules are  of  such  great  importance  in  heredity  as  Meves,  Benda, 
Duesberg  and  others  beUeve,  it  is  difficult  to  understand  why 
such  a  considerable  proportion  of  them  should  be  lost  by  the 
sperm  during  the  coiu-se  of  its  development.  In  Nereis  we  see 
the  loss  of  this  material  just  before  fertilization  occiu-s;  but  in 
many  forms  it  takes  place  earUer.  It  has  already  been  stated 
that  a  reduction  in  the  amount  of  cytoplasm  occurs  in  the  young 
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spermatids  of  Ascaris  by  which  the  size  of  these  cells  is  greatly 
lessened.  Many  plastin  granules  are  lost  when  this  cytoplasmic 
lobe  is  thrown  off  (fig.  13).  Such  a  reduction  in  the  spermatid 
with  the  consequent  loss  of  these  inclusions  has  been  described 
by  Struckmann  in  Strongylus,  by  Meves  in  the  guinea-pig,  by 
van  Korff  in  Phalangista,  by  Broman  in  My^dne,  by  von  Ebner 
in  Rana  and  in  certain  mammals  where  he  refers  to  these  gran- 
ules, probably,  when  he  speaks  of  'tingierbare  Korner.'  Dues- 
berg  observed  it  in  the  rat  and  Jordan  in  the  oppossum,  while 
Rosenberg  reports  it  occiurence  in  the  Arachnida  and  Vejdovsky 
in  TurbeUaria.  Fam-e-Fremiet  reports  the  loss  of  all  of  these 
granules  in  the  cytoplasmic  lobe  thrown  off  by  the  spermatid  of 
Arion.  Professor  Montgomery  discovered  a  remarkable  case  of 
the  loss  of  'mitochondria'  in  Peripatus.  Just  before  the  trans- 
formation of  the  spermatid  into  the  spermatozoon  all  the  mito- 
chondrial material  aggregates  into  a  fairly  compact  body,  and 
this  is  always  included  in  the  cytoplasmic  lobe  which  is  thrown 
off,  so  that  the  mature  sperm  never  contains  any  of  it.  If,  then, 
this  material  is  of  such  great  significance  in  heredity,  it  must  be 
explained  why  it  is  so  generally  partially  or  wholly  lost  by  the 
developing  spermatozoon,  in  forms  ranging  all  the  way  from  the 
TurbeUaria  to  manunals. 

The  true  origin  of  ^organ-forming  svbstances' 

I  cannot  close  this  brief  discussion  of  the  significance  of  cyto- 
jJlasmic  inclusions  in  germ  and  body  cells  without  referring  to 
the  work  of  Conklin  on  ascidian  eggs  and  larvae.  No  one  has 
traced  the  heredity  of  specific  larval  tissues  from  definite  cyto- 
plasmic inclusions  more  accm-ately  and  continuously  than  he.  In 
the  fertilized  but  unsegmented  egg  of  various  ascidians,  notably 
Cynthia,  Conklin  found  a  constant  distribution  of  pigment  in 
the  cytoplasm.  This  marks  a  definite  locaUzation  of  masses  of 
protoplasm.  These  masses  differ  potentially  from  one  another, 
as  Conklin  proved  by  the  fact  that  he  could  trace  the  formation 
or  origin  of  the  various  germ  layers,  tissues  and  organs  of  the 
larva  as  cleavage  progressed  to  one  or  another  of  these  masses, 
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since  the  identity  of  each  was  made  certain  by  its  specific  pigmen- 
tation. But  the  localization  and  pigmentation  of  these  masses 
of  cytoplasm — 'organ-forming  substances/  as  Driesch  calls  them 
— is  not  complete  until  after  the  break-down  of  the  nuclear  mem- 
brane. Indeed,  the  material  which  forms  the  'clear  zone/  from 
which  arise  the  ectoderm  and  its  derivatives,  actually  comes  out 
of  the  nucleus.  All  the  other  masses  also  are  derived  as  certainly 
from  the  nucleus,  though  not  so  directly,  according  to  Conklin's 
observations.  After  describing  the  formation  of  the  clear  zone 
in  gasteropod  and  Ascidian  eggs,  he  says  (page  101) : 

This  truly  remarkable  condition  in  which  considerable  portions  of 
the  cytoplasm  are  traceable  to  the  nucleus  is  of  the  utmost  theoretical 
importance.  From  all  sides  the  evidence  has  been  accumulating  that 
the  chromosomes  are  the  seat  of  inheritance  material,  until  now  this 
theory  practically  amounts  to  a  demonstration.  On  the  other  hand,  all 
students  of  the  early  history  of  the  egg  have  observed  that  the  earliest 
visible  differentiations  occur  in  the  cytoplasm,  and  that  the  position, 
size  and  quality  of  the  cleavage  cells  and  of  various  organ  bases  are  con- 
trolled by  the  cytoplasm.  However,  in  the  escape  of  large  quantities 
of  nuclear  material  into  the  cell  body  and  the  formation  there  of  specific 
protoplasmic  substances  we  have  a  possible  mechanism  for  the  nuclear 
control  of  the  cytoplasm;  and  when,  as  in  the  case  of  the  ascidians 
and  fresh  water  gasteropods,  these  substances  are  definitely  localized 
in  the  egg,  and  can  be  traced  throughout  the  development  until  they 
enter  into  the  formation  of  particular  portions  of  the  embryo,  a  specific 
mechanism  for  the  nuclear  control  of  development  is  at  hand,  and  the 
manner  of  harmonizing  the  facts  of  cytoplasmic  organization  with  the 
nuclear  inheritance  theory  is  clearly  indicated. 

SUMMARY 

1.  Cytoplasmic  inclusions  of  whatever  kind  found  throughout 
the  course  of  spermatogenesis  of  Ascaris  megalocephala  are  re- 
ducible to  two  materials,  both  of  which  are  of  nuclear  o4-igin: 
(a)  the  karyochondria,  which  are  derived  directly  from  the  kary- 
ochromatin,  and  (b)  the  plastochondria,  which  are  derived  from 
the  plastosome,  in  part,  and  in  part  from  the  karyochondria. 

2.  Both  of  these  appear  first  in  the  nucleus  of  the  spermatogon- 
ium. The  karyochondria  form  the  surface  layer  of  the  kary- 
ochromatin,  whether  this  is  ill  the  form  of  chromosomes  or  not. 
The  plastochondria  form  the  plastosome. 
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3.  In  the  young  sp^ermatocjrte  the  karyochondria  pass  through 
the  nuclear  membrane  into  the  cytoplasm,  where  they  form  the 
'refringent  granules.'  These  at  once  begin  the  elaboration  or 
secretion  of  yolk  within  themselves,  and  so  become  the  'refrin- 
gent  vesicles.'  These  then  fuse  to  form  the  'refractive  body,' as 
the  spermatid  transforms  into  the  spermatozoon.  This  trans- 
formation takes  place  entirely  within  the  vas  deferens. 

4.  The  refractive  body  is  purely  a  food  supply  for  the  use  of 
the  speratozoon,  and  frequently  it  is  entirely  consumed  before 
the  spermatozoon  enters  the  egg.  It  therefore  plays  no  part  in 
fertilization;  hence,  the  only  function  of  the  karyochondria  in 
Ascaris  is  to  form  yolk. 

5.  The  plastochondria  are,  like  the  plastosome,  merely  residua, 
and  show  negative  behavior  wherever  they  occur.  While  many 
are  retained  by  the  spermatozoon,  many  are  lost  by  the  spermatid. 

6.  Through  the  use  of  a  single  basic  or  nuclear  stain,  these 
two  kinds  of  cytoplasmic  inclusiojas  have  been  confused.  The 
simplest  'double  stains'  distinguish  them  clearly. 
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All  figures  were  drawn  with  the  camera  lucida,  on  the  table  level,  with  one- 
twelfth  oil  immersion  objective  and  ocular  18,  except  figures  15,  16,  18  and  39  to 
48  inclusive,  which  were  drawn  with  ocular  4.  Figures  41  to  48  inclusive  have  not 
been  reduced.    All  others  have  been  reduced  one-third. 

PLATE  1 

EXPLANATION  OF  FIGURES 

Figures  1  to  18  inclusive  represent  cells  fixed  in  Flemming's  strong  solution, 
and  stained  according  to  Benda's  method,  modified  as  stated  on  page  426.  In 
all  of  these,  the  basi-  or  karyochromatin  stains  red-brown,  the  oxy-  or  plastochro- 
matin  and  its  derivatives,  the  plastochondria,  yellow,  and  the  karyochondria 
dark  blue. 

1,  2,  3    Spermatogonia  of  different  ages. 

4,  5,  6,  7,  8,  10,  11  Developing  spermatocytes,  which  show  the  escape  of  the 
karyochondria  from  the  nucleus  into  the  cytoplasm,  and  the  formation  of  yolk 
within  them.  Also  the  escape  of  the  plastochondria  from  the  nucleus  into  the 
cytoplasm,  and  the  great  increase  in  the  relative  amount  of  the  cytoplasm. 

12  *  A  fully  formed  spermatid.  The  mitochondria  of  Mayer  or  plastochondria 
of  Meves  are  distributed  radially  around  the  chromatic  mass  throughout  the 
^perinuclear  zone.' 

14  A  spermatid  undergoing  cytoplasmic  reduction. 

15  A  longitudinal  section  of  a  fully  formed  spermatozoon. 

17  A  spermatozoon  in  the  'entrance  region'  of  the  uterus,  showing  no  trace 
of  the  refractive  body. 

18  An  egg  in  the  metaphase  of  first  cleavage.  The  chromosomes  are  not  cut, 
so  that  the  karyochromatin  is  entirely  hidden  by  the  karyochondria.  The  astral 
rays,  centrosome,  etc.  are  distinctly  yellow. 

19  to  27  Cells  fixed  in  the  Camoy-Lebrun  acetic  fluid,  and  stained  in  the  Ehr- 
lich-Biondi  stain.  In  these  the  karyochromatin  is  green,  the  plastochromatin  and 
plastochondria  red,  and  the  yolk  vesicles  purplish  (not  so  dark  as  in  the  colored 
figures) .  The  karyochondria  are  not  to  be  distinguished  from  the  karyochromatin 
in  cells  stained  in  Ehrlich-Biondi. 

25  Fusion  of  the  yolk  vesicles  preparatory  to  the  formation  of  the  refractive 
body  in  the  vas  deferens. 

27  A  spermatozoon  in  the  'entrance  region'  of  the  uterus  which  has  almost 
entirely  consumed  its  food  supply  (the  refractive  body)  during  its  journey. 

28  Here  the  food  supply  is  entirely  gone.  This  cell  was  fixed  in  acetic-alco- 
hol, a  modification  of  Zur  Strassen's  fluid,  and  stained  in  iron-hematoxylin  and 
Bordeaux  red.    The  plastochondria  take  the  latter. 

29  A  spermatogonium  fixed  in  acetic-alcohol  and  stained  in  iron  hematoxylin 
alone.    The  plastochondria  (plastosome)  here  stain  jet  black. 
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PLATE  2 


EXPLANATION   OF   FIGURES 


30-40    All  figures  from  cells  fixed  in  acetic-alcohol. 

30,  31    Older  spermatogonia,  stained  in  iron  hematoxylin  alone. 

32  Young  spermatocyte  stained  in  iron  hematoxylin  and  Bordeaux  red.  Kary- 
ochromatin  blue-black,  oxychromatin  or  plastochondria  red  and  yolk  vesicles 
blue  to  light  blue. 

33,  34  Maturation  divisions  of  spermatocytes,  stained  in  iron  hematoxylin 
alone,  and  very  heavily  destained.  The  mitochondria  of  Mayer,  Romieu,  Faure- 
Fremiet,  and  others,  form  axial  chains  in  the  fully  formed  yolk  vesicles. 

35,  36,  37,  38  Various  stages  in  the  formation  of  the  refractive  body  in  the  vas 
deferens. 

39,  40  Eggs  being  entered  by  spermatozoa,  which  show  various  stages  in  the 
consumption  of  the  refractive  body 
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PLATE  3 


EXPLANATION  OF  FIGURES 


41-48    All  figures  from  cells  fixed  in  acetic-alcohol  and  stained  in  iron  hema- 
toxylin and  Bordeaux  red. 
41,  42,  47    Sectioned  eggs. 

43,  44,  45,  46    Whole  eggs  shown  in  optical  section. 
48    A  mature  spermatozoon  with  refractive  body  intact. 
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